Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



|A.-.,A. 



60003204SK 








OMl^/^.- 




\\ 



\\\0v 




/ 



/ 





RUDIMENTS 



OF 



CHEMICAL PHILOSOPHY; 



IN WHICH 



THE FIRST PRINlilPLES OF tHAT USEFUL 
ANL ENTI.R'hiNING SCIENCM 



ARS 



FAMIUARLY Eiff^^aiNED, 



AMD 



ILLUSTRATED. 



By N. MEREDITH* 



LONDON : 

PRINTED fOR 
tHB AtJTHOR) MOUNT STREBf, LAMBETH; 

AND SOLD Bt 

HATCHARD, PICCADILLY; SCAJCHARD AND LET* 
TERM AN, stationer's COURT; AND SHER- 
WOOD, NEELY, AND JONES* 
PATERNOSTER ROW. 

18 la 



' - I • 










•^AW 



^0-^3^ •■ 



f • r ;» ^■ 




w£ 



. . I 



■.it 






\ 



' \ 



^'.* ' ■ ■ I 



I. < 



^ J 



■r 



»' -.. 



f , 



«. ' i 



— -• u 






:.'<■■ 






I 



-T.J.r -7/ A ;r:j/ :; '.:.... 



■ i 



1 .• s 



• / > -• 



HtH^ 



W. Nicholson, rtlhteif/ Warner-street. London. 



PREFACE^ 
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J .V . ; 



The claims of Chemistry to general .at- 
tention can only be a subject of diipute 
with those who are unacquainted with its 
nature i the high. importance of the facts 
it exhibits and explains, its intimate con- 
tiection with the hfibst sublime phenoniena 
of -nature, and its no Ifs? Intimate Qon<- 
liectioh with the riiost, comimbh wants of 
civili^fed'life, conspire to pTace i.t in the 
foremost rank, not merely of cufioiis, but 
* 6f useful sfciencfes; thei^eis scarcely an art 
that is not'in some degree in(lepted to Jt, 
and many; such as the tnahiijfaeture of 
do^, ' glass, ' cblours, wines^ pottery % tp-^ 
^gdlllcff with tJie processes of distiliing, 
brie^fng, dyJtog, ibleacliiiig; &c,'&c. 4re 
almost A^rhblly depeildant o'ri it; ttid iiii- 
pbrtatit science 6f agriculture so necessary 
*fet the support of humaid life, land tliat 6f 

b 



VI PREFACE. ^M 

fitted for the use of the kitchen, thrf^" 
laundry, or the brewery; in short, there is 
scarcely a domestic operation, from the 
most important down to the cleansing a 
vial, in which a knowledge of Chemistry 
may not be usefully applied. It must be 
admitted indeed that the inconveniences 
stated, may be in great measure avoided 
by persons of sagacity and observation, 
without becoming acquainted with Che- 
«iistry; it may be said that a lady may 
haye learned from observation and ex- 
perience, that air is necessary to support 
her fire, without ever having heard of 
oxygen, or without knowing that the air 
is a compound, or of what it is com- 
pounded — that is to say, a person may io 
many instances perform au operation with 
success, without taking the trouble to 
understand it — a species of consolation not 
very reputable to an intelligent being. 
With respect to our own sex, who are at 
least expected to possess superior informa- 
tion, swrely, in tJ»e pursuit of knowledge, 
tboae objects with uhich we are imme- 
diately aurrDUuded, and on which oar. 
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health, our life depend, claim our first at- 
teutioi) ; nor can any character more strange 
be conceived, than that of a man wlio 
should travel to Greece or Rome merely 
to become master of a language differing 
from his own, and then pique himself on 
his learning, while at the same time he is 
totally unacquainted with the nature of 
the air he breathes, of the water or othev 
fluids which he drisks, and Bits' down- day 
after day at his fire side, without at alj 
understanding the ptjHciple ou which that 
fire burns. , 

The ntimerous experiments in Chemistry 
are unquestionably amoug the inost«ntei> 
taining that tlie whoU: circle of sciencie can 
exhibit, and 6veu in a more ' speculative 
point of view, its claims are by. no. means 
trifling; its pursuits have a natural lea- 
ileiicy to withdraw the miuda qf.ymith 
from tritling or dts^^ipating amufiements^ 
to impress them with just ideas, of the 
uisdom and' goodness of the Creator — they 
lead to patience of investigation, to ac- 
curacy of discrimiuation, and to justness 
•f couclusion. 

b3 
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'In -France the importaiice of the science? 
as a material branch of hberal education, 
is universally acknowledged, and not 
hiany years have elapsed since its national 
importancte was telt: it will be reoollected, 
that when the English Ministry, notaware, 
as it should seem, of the resources which 
Chemistry would furnish, had conceived 
the hope of pre\'enling the manufacture of 
gunpowder in France, by stopping the 
exportation of salt petre to that country, 
Chemistry obtained a complete triumph 
over political sagacity, and France was. 
enabled_to produce salt petre in abundance, 
i)y means which had never enterfjd the 
minds of her enemies; what Englishman 
Vill Boe feel an at'dent wish that his country 
may not long be behind her rival neigh- 
bours. 

It seems natural to enquire by what 
tneans it has happened, that a science so 
capable of affording bolh entertainment 
and instruction, should have been so long 
generally, and even now so much, neg- 
lected? Among the reasons thatmay he as- 
signed, wiUiout any reflection on the geneAl 



staite of knowledge ifi our own countF] 
are the followingj-r-Until within, these.ft 
years, Cbeniiitry has L»y do means 
hibhed the features of a regular, anU.wj 
connected science; its faots,[thoiigh.strilsp1 
ing, were mostly of an insulated nature, 
and far from being geoerally miderstpod, 
even by Philosophers theniselves; whjJe 
its language, the offspring, in great. iru 
sure, of random -experiments, long 
cinued to be unmeaning, land perpk^ting 
beyoiwl any thing that .conki ,well be 
imagined, 

AnodMr leasonafisignableifor theslAW 
progress of chemical knowledge, is the 
general want of apparatus for theperforj 
ance of experimeuts, by wliieh alone 
can well be acquired;, eviery, one is awa« 
that something of this, kind is necessary, 
•but very few can conceive how little, is. 
absolutely so. 

It may likewise' be observed, that 
terms used in Chemistry are at first view 
-discouraging, severat, of these, as, oxygen, 
ihydrogen, nitrogen, _jire foreign, and lo 
--an .£ngU&b en, harsh, and uniDcaniog; 
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the reader, liowever, may he assured that 
these hard names will very fioon become 
perfectly faniiliar to him, and when they 
are become so, will answer their intended 
purpose full as well as more common cues 
*rould have done. ■ 

General ignorance of a subject naturally 

volves in it that of individual; the 
master of almost every respectable se- 
■niinary has himself learned the Latin tongue 
in his youth, and iu therefore disposed to 
consider it as a necessary branch of educa- 
tion for others, and consequently recomi- 
mends its acquisition to the parents nf the 
youth committed to his charge; but the 

[vantages of Chemistry he has never ap- 
iated, and has therefore np motive to 

fcommend it to others; and the generality 
of parents themselves are in a similar pre- 
dicameiitr, even the name of Chemistry is 
Ik) some forbidding, being too often con- 
Blived to felate merely to the composition 
of drugs and medicines, consequently not 
of general concern to one sex, and alto- 
;ether 4111 interesting to the other; thus 
thuudgti the mediuui of prejudice^ 




and Hiisconceptioii, iostead of a garden of 
fruits and flowers, the imaginatioo seea 
nothing but a cheerless desert. 

Scarcely three years having elap-sed 
since the author himself was totally un- 
ac(]uainted with the science he now prer 
sumes to recommend, the difficulties tliat 
attended his iirst attempts are fresh is 
recollection, as are th* pleasures naturally 
resulting from their removal; and as tba 
g-reatest discouragements are generally felt 
at first, when names and things are equally 
novel, he has thought that some service, 
might at least be rendered to the younger; 
part of the community, by an attempt t|^ 
remove or lessen some of those difficuitiej 
which iiivariably present themselves to tt^ 
niind of a young beginner, by furnishii 
him with a smaller, a cheaper, and, if postal 
siUe, an easier book than those alread 
published; he has, in consequence of tl); 
mception which other attempts have i 
*itli, beeii induced to hope that he pos« 
mses at least the talent of writing ■ 
l^fiaJking plainly — a talent which is ce|f|l 
'IVqI)' not possessed. by Qiany persoQ? i 



far superior information, and which i^ 
nevertheless of considerable consequence 
in the explanation of philoso|)I)ical sub- 
jects. 

In making this humble attempt, be has 
no temptation to depreciate the labours of 
otliers, on tlie contrary, he feels a par- 
ticular pleasure in recommending to tlie 
fair sex the sprightly and instructive 
"Chemical Conversations," or to those 
who wish for a more extensive acquaint- 
ance with Chemistry, and the facts con- 
nected with it, the "Chemical Catechism," 
to which, for bis first information on a 
subject tie now highly values, the author 
acknowledi,'es himself considerably in- 
debted; Henry's Epitome may on many 
occasions be naeful to the practical Cliemist, 
and Dr. Tliomson's work cannot fail to 
l>e valued by those who pursue to any 
extent the study of Chemistry, not only 
for its discussion of chemical subjects in 
general, but for its copious account of 
chemical operations, and the apparatus 
necessary for jjerforining them. With 
respect to the faults in the composition of 
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this little work, he has only to say that 
in many instances it was more easy to 
discover than to avoid them, consistent 
witli the plan proposed; that lie has in- 
variably aimed more at perspicuity tlian 
elegance J that he liad rather repeat an 
observation, where perhaps it may not be 
absolutely wanting, tlian run the hazard 
of omitting one where it is. With respect 
to its form, the advantages attendhig-4he 
catechetical, for the instruction of young 
persons, has been long since acknow- 
ledged; it is equally calculated Co awaken 
the attention and to impress, without 
fatiguing the memory. It is possible in- 
deed, that the reader may find sone 
dithculty in ascertaining who are the dra- 
matis persona, and may he induced to 
thitik that the parts are not always well 
supported — this, in a novel or dramatic 
writer, would have been an unpardonable 
fault, but in the present case it is fortu- 
nately of small consequence, or rather it 
is of no consequence at all, for whether 
the dialogue is supposed to be carried on 
between a master and his scholafj between 



Mis.B. siml l^r two fair pdpifii, a^'in t\k 
nChfemfcal' ConVersatioas, or- as iiv Mh 

Parities' Urg&r, atid the l^resirtit imalter 
-li^ric, b*tw^h Messrs.* Nobddy tJr any 

body, in eitliir case evfery drife kno**^8 thit 

the information dr eutettil*fih©rft -^f the 

TeaHer is'tHe'bbjetit aini^d tft--^, 'grttig 
5Wad*r, itfefdt thee the • iiitHor ^nd ^ life 
'priri^r Isibdurs, and thy apprcWal ttiUtt 'be 
-(•Ansidefred^te the highest rex^ard'df both; 

if thbu artHitWeqtiaintiEid '^IthCheniiiitry, 
'wm^eitiforniation and diitertaitimttt-nray 

te C3ti>e6ted' from the '^rtBalof this - ttnall 
'irolumfe— ^if, 4in the (idntr4)fy, thou xlft 
• already fttaiiliir with zM It fcoiitaites, *«c<^t 
'ffte cbngratiillatidns of its aiiithbr, ^anti pUt 
it into^ the hdnds • if sdmc 'Ifess^itrfbhncd 
*»fri«ld-6r'neTghbd«. ' • i 



.« . i] 



' ' t . iT III 



1 

• t • .' 



it .. 



f' 



« ■ .. . . . f' :'■ Ml. » ! f 'I '*. T ' ' 



RUDIMENTS 

OF 

CHEMISTRY, &c. 



CHAP. I. 
ON CHEMISTRY IN GENERAL. 

CAIORIC, LIOHT, OXTGEN. 



W^HJTistheJesigno/aiemktfylf : 

The design of CKemutry is (o'eKplain the' nature 
of the constituent parts of bodies, the effects thftit 
arise from t^ir\varip\is combinations^ and the laws 
by which they are governed. 

Bow are bodies usually divided hy Chemists'^ 
The general division of bodies is into simple^ or 
elementary, and compound. 

What do you mean by a compound do^/y? 
A body is isaid to be a compound, when it is made 
up of two or more ingredients, whether formed by 
nature, or produced by art; the far greater number 
of Jbo^ies are of this description, and most of them 
are capable of being divided into their simply or 
component parts. 

B 
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SIMPLE BODIES. 
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Thai bif a simple suhMance, tohich is of coi 
apposed to a compound, we are to undtmiand a 
substance which consists of oiilt/ one ingredient'? 

Yes, and Cbemists have agreed to conEtder rII 
those bodies as simple, \\Vtc\\ they ore not able, to 
divide into parts of a different nature, or wbtcb give 
no signs of being compounded. 

You hate said (bat the Jar greater num/nr of 
bodies are compound, of coitrse the enumeration of 
those ts out of the queation; can you state how 
many simple substances there are? 

The ancients acknowledged oti]y four elements, 
or simple bodies, air, earth, fire, and water. 
Modern Chemists have proved that air and ualer 
are compounds; tire appears to be componuded of 
caloric and light; and, instead of one, we have 
long list of earths; the number of simple 
, at present known, amounts to ahoul forty, 
re not litest usually divided into different 
Iitasies9 

It has been tisual to divide them into, five iimp/e 
Comhustilfet, so called in opposition to oils, wax, 
&c. which are compound, and in diatinctiDn from 
melals, which are also combustible, but which 
possess properties peculiar to themselves, twenty-two 
Metals, aoA ten Earths, together with three bodies 
which du not class with any of these, or with each 
Other, but which will be found to act most important 
parts ta the greater utimtKr of the chemicai opera- 



CALORIC. S 

tiods, both of nature and art^ namely, Chiorie, LighL, 
and Oxygen. ^ 

Art not the alkalies potass and soda then C0nsi^ 
dered as simple bodies^f 

They have been always allowed to hold a place 
among bodies of that class, until the late bril*^ 
liant discoveries of Mr. Davy, though ihey hav^ 
long been suspected to be compounds, and Chemists 
have often flattered themselves that they were on the 
eve of discovering their real nature; diat honor was 
reserved for the diligence and penetration of thft 
gentleman already mentioned, who first proved, by 
experiments^ which have been since repeated by th^^ 
first Chemists in France and elsewhere, that they are 
compounds^ metallic oxyds, that is, metals combinefiL 
with oxygen; thus has thai illustrL(^us Philosopher 
proved, what wotdd hardly have been ei^pecte^, thajt 
•xygen, the acknowledged principle of acidity^. 10 
Ihe principle of alkalescence also. 

Since it is usual, oh entering on the study of 
Chemistry, to btgin with the examination of the 
simple bodies — IVhat do Chemists understand by 
ihe term Caloric; is it not the same with heatf 

It has been usual in commoa language to con- 
found, in this instance, cause and effeot; when near 
a fire, we feel the sensation of Iieatf and we very 
improperly say, the fire is hot; whereas, says the 
celebrated Mr. Locke, heat iano more in the^re 
that bums us, than pain is iq the needthjimi pricks 
MS^ by caloric, therefore. Chemists' ttlilii^tond that 



extremely subtile Huid which is dispersed ilirough aH 

Mature, is capable of pervadiug all bodies, and which 

occasions in us that kind of sensation which we term 

heat; it is highly elastic, and has no sensible gravity. 

Vou have described it as being dispersed tkroiig/t 
nature; do ice and other cold bodies (hen contain 
it'* 

Yes, all bodies, the coldest not excepted, contain 
a portion of caloric; iu equilibrium, like thnt of 
other fluids, may be destroyed, which is the case in 
proportion as one body is more heated than another, 
but, in common wilU ail fluids, it possesses this pro- 
perty, that whenever its equilibrium is destroyed, 
there is a constant tendency to restore it, by a com- 
munication of caloric from the hot body to the cold 
one ; hence, if red hot iron and ice be placed in ths 
same room, they will both, in a short lime, become 
of the same temperature with each other, and with 
tlie air of the room; the ice acquiring, and th« 
iron giving out, caloric. 

Does caloric pervade, or pass through, all bodies 
with the samefaciliti/f 

No: there are some that conduct this substance 
much better than others, as may be easily proved : 
" While 1 am writing (says Dr. Franklin in one of 
his Letters) part of my hand rests on llie green cloth 
which covers my desk, and part on the lock; but 
though the two bodies are certainly of the same 
temperature, 3et that part of mj hand which touches 
the metal feels colder, an<l really ig so^ thau thai 



iiliich reals on llie clotli, because the metal, being 
better conductor, carries off the heat of my hanoL 
more rapidly llian the clulli, and thereby renders that 
|tart of the hand Mhich touches it, coldtr tbaii' 
oilier. 

IV hat would happen if a piece of metal and^ 
piece of' woollen cloth wert both made hotter ti 
the haitd'^ 

Since both the clodi aud the metal would be 
poBcd to part with their superabmidant caloiic, 
metal, being the best conductor, would part with 
the most readili/, and would feel hottest to the handj 
because it would realty mal^e the band 
this reason, that when we have been standing by a 
fire, our cluaths do not feel particularly hot, 
the moneif in our pockets- feels almost too hot to 
touched. 

H'kul ii the mojt general e^)Kt of calorie on 
difennt bodies'^ 

its uiOBt general effect is the increase of thet^' 
bulk ; hence, if a bar of iron be accurately measured 
when coldi- and aften,vards heated, it will be found, 
if measured again while hot, to have increased 'm- 
Ifcngtb. tj 

Hat caloric the same effect oh fluid bodies as od'' 
solids? 

Yes, but in a rniwh greater degree, their particles 
beii^ more easily separated from each other; every 
one who understands the principle ou which the 
Btesm engine is constructed, must be aware bow^ 
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much tbe biilk of water is increased^ when coh' 
^i^rted into steam by its union ^vith caloric ; and if a 
bladder nearly empty be closely tied^ and held near 
the fire, the small i}uantity of air contained in it \i'ill 
be so expanded as presently to fill the whole blad- 
der and cause it to burst with a loud report. 

Is the fluidity of bodies owing to the caloric theif 
contain'^ 

« Tlie Batumi condition of all bodies, caloric ex- 
ceptedy appears to be that of a solid, tlieir fluidity 
b owing to the caloric with which they are combined;, 
thus the same body is solid, fluid, or aeriform, accord- 
ing to the quantity of ciiloric that enters into its com- 
position. Water furnishes a striking instance of this ; 
vh^nbelo\vtheteu(^peratureof32dcgrees,itisasolid^ 
bom 32 to 212^ a fluid, and when raised above 212 
degrees, it becomes an invisible vapour, or steam. 
Jfon and other uietajsy hard as they are at their usual 
temperature, yield to this powerful agent, and be- 
come fluid as water, while the lightist fluids^ even 
airs or gases^ by being deprived of their caloric, be- 
come solids; there are scarcely any chemical changes 
IB which it is not, directly or mdirectly, poncerued^ 
or which are not preceded, accompanied, or fol-^ 
lowed by a change of temperature. It pei;forms 
many important operations by virtile pf it»^ own pro- 
perties^ unassisted l^y any other agents and where the 
presence of another is required^ it gives additionaL 
energy to its jiifluence^ thus salts, though generally: 
soluble in cqld water, will dissolve mote rapidly^ 
uadia greater quantity, if the water b h^ted« 
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Art not $ome bodies disposed to, receive* mid re- 
tain a greater portion of caloric than others'^ - 

Yes^ and this ^property is termed by Chemists^ 
their capacity for caloric. * 
. How is this proved? 

. If ice, which has been cooled below 32 degrees, 
be placed before a fire, and a thermometer mimersed 
in it^ the mercury in the themometer will immediately 
begin to sink^ and will not rise again till the ice ha» 
attained the heat of 32 degrees, though it must have 
been all the time receiving caloric from the fire^ 
which proves that the caloric which the ice has re- 
ceived has been absorbed, and as it were locked vp 
in it; the caloric thus confined has been termed 
latent^ while that which is given out has been 
called radiant; o£ the quantity of the former con- 
tained in any body we have no means of judging, it 
is the latter only that is^ or can be^ the subject pf 
our observation or experiment. 

What IS. the nature of Light? 

With light, as distinct from caloric,, we are very 
imperfectly acquainted,^ though there ace experiments 
which seem to prove that it .is a distinct body; thus 
Dr. Herschel found that light is more refrangible, 
that is, in passing through a prism,, its rays are 
more bent from their original direciion; plants, 
wtiatever heat may b^ given them, do. not thrive 
if the light b excluded; light, without sensible 
beat, is capable of decomposing several bodies, its. 
affinity iot o^^ygen U»x% sufficieotly s^ung to tnke ii 



from ilienij lieiice, if oxygenized muriatic acid 
be csjiosed to llie action of light, it will be de- 
prived of a portion of its odjgen, and be changed to 
common muriatic acid: ne often feel much heat 
without the perception of light, and, on the contrary, 
the tight of tlie moon, though concentrated in the 
focuii of the largeNt lens, is not accompanied widi 
any sensible heat. Somt have supposed that caloric 
and light are connected with e-.ich other, as cause 
and effect ; but which to consider as the cause, and 
which as the effect, ia ailll, in the present state of 
our knowlttdge, an insurmountable difficulty; perhaps 
at B fnlurc period it will be ascertained, that calncic 
and light (tt^ether «itli electrii ily, which has some- 
times been thought to be a dintinct body) are only 
different modifications of the same substance. 

The important pari a'hirh orygin also acts in 
the acoHomy ofnalurt, and in diemieal oprratiom, 
IB luch, that tfc cannot, as Di . Thomson justly 
obxrvts, too soon bfcome acquainted uilk it. — 
What thtn is Oxygeni 

It is under3lo*.d to beCwhat its name, which 'ut 
derived from the Greek; and signifies the generator 
of acids, imports) the universal acifUfifing princifiie; 
most of the various acids have been proved, and the 
rest are, from analogy, supposed to be, eompDUndcd 
of oxygen and some other substance termed ihe bait, 
from wlitcb it derives its name. 'Urns the nitric 
acid is composed of jfi/fogfK and' oxygen, the sul- 
fhuric o! sulphur aud oxygen, and so of all thereat.^ 
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Does the union of oxygen with another body 
always produce an acidy 

No^ it combines with difFerent bodies in various 
proportions; when/as in its union witli metals, it 
combines with the body in too small proportions to 
produce an acid^ it then forms what is called an 
oxyd, and even in the production of an acid, the 
proportions are not always the same; hence, we have 
sulphuric and sulphurous acidy which differ in the 
proportions of oxygen they contain. 

h not oxygen a supporter of combustion^ 
' It is in truth the only supporter of combustion ; ^ 
all bodies, whether solid^ fluid or aeriform, perform- 
ii3g that office only by imparting to the burning body 
the oxygen they contain; it is in consequence of 
this principle, that the air of our atmosphere^ 
not only supports combustion, but contributes to 
the support of animal life also, which it is no longer 
capable of doing, when deprived of it; oxygen 
is one of the component parts of water, and of variou» 
other bodies of vast importance. 

1$ oxygen found alonCy or combined with other 
bodies? 

. Though in itself it is a simple body, yet its af- 
finity for various substances is so strong, that we no 
where meet with it, but in combination with other 
bodies; the purest form, in which we can obtain it,, 
is that of gas, in which it is combined with caloric^ 
uhich gives it that form. 

,^,^^^^ ^^-^^ ^t>^c^A^/ ^ ^*-*^-*<V €V-^.'e>^ -^-cv^-*^- 
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What u meant by a Gas? 

A fluid which is permanently elastic j» a kini) of 
air; the air of our atmosphere is a ^s, or rather is 
eomposed of two gases^ every gas is composed of 
two substances^ caloric^ and some other from whence 
it take its name; it is in consequence of its^ union 
with caloric, that it, continues in a gasious state^ 
instead of beii^ more or less solid. Van Helmont 
was the first who gave to aeriform fluids the name of 
gas. 

How is oxygen gas obtained for experiments? 

It may be procured from a number of difl^erent 
substances: Dr. Priestley^ who discovered it in 
England about the time that the celebrated Scheele 
made the same discovery in Sweden^ obtained it 
from the red precipitate of mercury^ and from* 
minium^ or red lead ; it may be obtained from nitrat^ 
of potass^ called salt petre; but the usual and 
cheapest method of preparing it^ is by putting some 
of the black oxyd of manganese into a retort, and 
beating it to redness, when the oxygen gas will come 
over, and may Be collected under water in the usual 
way. If sulphuric acid, diluted with water, bo- 
added to the manganese, a greater quantity of gas. 
comes over, and with less heat. 

Can ity zthen so prepared^ be preserved*? 

It may be kept for any length of time in common 
glass bottles, if they are closely corked^ and inverted 
>vith their mouths under water. 
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You have said that the air owes its salubrity, 
tn/ith respect to animals, and its power of support- 
ing combustion, to the presence of oxygen; cannot 
oxygen gas be breathed alone,- and would it not 
alone stipport combustion? 

Yes; when so breathed^ it has a veiy exhilaraiing 
effect; and if a wax taper^ a common brimstone 
match, or any inflammable substance, is put into it^ 
it burns with a brightness much greater than iR 
common air, as we shall see when we come to 
consider the nature of combustiop. 
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CHAP. II. 
ON SIMPLE COMBUSTIBLES. 



rw HAT are the names of the five Simple Com- 
bustible bodies? 

Sulphur, Phosplionis, Carbpn, Hydrogen, and 
Nitrogen. - 

What is the nature o/* Sulphur ? 

Sulphur, or Brimstone, the general appearances 
of which arc familiar to every one, is found native 
in various parts of the world, it was of course very 
early known, and, as far Lack as the time of Pliny, 
was used for the purpose of bleacliing wool by ex* 
posure to its fumes : when heated to 1 85 degrees it 
melts, and if in this state it is poured into water, it 
becomes of a wax-like consistence; impressions 
from gems have been taken with it while in this 
state, which afterwards become perfectly hard; 
they are of a red colour, and in some respects pre** 
ferable to those taken with sealing wax. 

What is the nature of that powder termed 
flowers of sulphur ? 

Precisely the same as roll sulphur; it in obtained by 
lieating the sulphur to the temperature of 170 degrees, 
when it rues in the form of a fine powder, and may 
Jbe collected in proper vessels; this process^ which is 



a kind of dry distillation, is called subliming; the 
aiicienu seem to give the name oijiowers to all the 
products obtsined in ibis way; Leuce, the terms 
Dowers of sulphur, Aowera of zinc, of benzoin, &c. 

WItat are the principal combinations of sulphur? 

It unites with alkalies, and forms, what are pro- 
perly culled 5u//;Aurf/a, bdt on account of their ror- 
semhling in colour the ^iver of animals, hav% 
agreeable to the absurdity uf the old nomenclature^ 
been called livers, which tiave the property of de- 
composing water; It is used, in csiijunction witli 
charcoal and salt petre, in (he manufacture of guitr 
powder; it is capable, like phosphorus, of two di»» 
linct combustioiLs, a slow, and a more rapid on^ 
the tirst takes place at the temperature of about 150 
degrees, and emits a light .so faint as not to be 
visible, except in a dark place; this may often he 
seen when a biimiitone match is put into a^re nearly 
extinguished, or among coals or cinders which do 
iiot retain suflicieiit heat Zo ignite the brimstone; 
the other kind of combustion is well known, and ia 
the subject of continual observation; by this com- 
bustion sulphurous acid, to be hereafter desciibet^ 
is formed, , 

Is sulphur vsed in tiitdicine? 

It is used both esternall}' and internally, and by 
trituration with mercury, forms the black powder 
called Eihiops mineral, which has been used i 
miccesB in tlu cure of disorders occasioned 
wornu. 
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What is tilt nature' of Phosphorus ? • 

Phospboms, like other importsnit substances^ was 
discovered by aceident; in' th^ year I669,' its dis- 
covery was ihade by Brandt; as he Masf attempting 
to distil from urine, a fluid that ^should convert silver 
into gold: it was for -a long time prepai'ed from 
urine^ but life process >^a8 both tedious dnd o^eu*- 
sive; it is tfOAV^ made^ much liiore pleasantly and «x«^ 
pieditiously^ from bones. 

If phosphorus is^ a simple or uncompounded 
substance, hose cdn ii be said with propriety to-be 
made^ » • • '^' • ■ •. 

' It is a substance so exceedingly combustible^ or 
in other .words, ha^ su<^h an affinity for oxygen,' that 
it burns, though t/oa'/j^, at the common temperature 
tA th^ atmo^here; hence, it is never found in nature 
id 1^' t/7{com&tVied state, bnt always in combination 
with, ati'east, oxygen, forming phosphoric acid; 
bones .coutiih this acid, tmd tlie Mh'ole process^ 
^hich may fee seen at large in Dr. Tbom8on> Par-» 
Icinson, and i)th<^r Writers, consists in separating it 
from its oxygen, aiid changing it thereby from the 
condition of an acid, to that of simple phosphorus. 
What are its principal properties 'f 
The most remarkable is its great inflammability; 
the heat of the human body is sufficient to make it 
take fire, when it burns with great rapidity, and 
brilliancy; it is necessary therefore to keep it in 
water, and not to handle it,, unless when it is wetted 
or held in a wet cloth: if a small piece of it be 



PnOSPHORUS. 15 

rubbed between two pieoes of brown paper^ it \i ill 
take fire; it combines with sulphur, and. foTma a 
compound so inflammable, that a match dipped iu 
it instantly takes fire. • •■ 

This compound might be useful when a light W€U 
suddenly/ required, as in the night — HdW is it 
prep a red f . . 

By mixing together in a small vial, one part of 
flowers of sulphur, with eight of phospiiprus, using 
no more htat than is just necessary to combine 
them; when a light is wanted^ a match is dipped 
into the mixture and takes lire^ or if it fails to do this 
immediatelifj which is liable to happen after tl^ 
bottle has been some time in u.se, it will take tire on 
rubbing the match (after dippiiig) on a piece of 
cork. ; 

From the nature of thh sub$tance, it seem^ io 
folhw that many amusing experiments may be 
'made with it — Can you describe some of them'^ 

In the first place, any characters written witli it, 
or figures drawn, wi41 be (uminau^s in the dark ^ and 
will appear to burn; if the hand be mbbed ,oa 
them, the Iftminous .a{>pearance will be communi- 
cated to the hands also, and from thence to any 
other part. If phosphorus be dissolved in boilhig 
olive oil, a kind of liquid fire will be formed ; the 
hands and face may be rubbed with it very safely, 
and will exhibit a very striking appearance .in the 
dark. 
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Is any pecuiiar caution necessary in preparing 
this liquid phosphorus^ 

The only precaution required is, to take care that 
the phosphorus is entirely dissolved ; since^ if any 
9inaU pieces should remain undissolved, they would 
be liaUe to take fire on the skin. 

Will phosphorus combine with any other sub* 
stances besides sulphuri 

It will eombine with lime, and with it form a very 
curious compound, which has also the property of 
decomposing water; if into a glass tube, or, which 
18 still better, a Wedgwood's earthen.oue, closed at 
one end, a small piece of pliosphorus is put, and the 
remaining part of the tube nearly filled with small 
bits of lime, and loosely stopped with paper, if that 
part of the tube which contains the lime be heated 
imtil the lime is red hot, ancf then hmt nppiicd lo 
the phosphorus, it will be sublimed, and, eombhiing 
with the lime, form phosphiiret of iinie; v\hen a 
small quantity of this is thrown into hot water, the 
water is decomposed, and its hydrogen uniting with 
the phosphorus, forms bubbles of {Aosphurated 
bydVcgeti gas, will burst and take fire as* they rise to 
tlie surface of ihe water. 

Is phosphor itf^ used in medicine f 

It does not appear to have been used in England, 
but in France it has been given in small quantities, 
and, it is said, with great success in cases of mortifi-* 
cation; it hsts likewise l>een {»aid to produce, for a 



CARBON. 17 

time, a . considerable degree of . ipuscular energy, 
which, however, has been succeeded by a propor- 
tional degree of debility ; and it is ip general esteemed 
of a poisonous nature when taken internally,. 

What is the nature of Carbon ? 

When any kind of wood is heated red in a vessd 
from which the external air is excluded, and kept 
in tl]|it. ^t^e fqr, ^ome time,, it is converted into the 

■ ■ ■ - . 

well kopwn substance . called charcoal; it is com- 
pletely insoluble in water, and would continue under 
it for any lengt^h of time without decaying; it re- 
mains unalterable in the strongest iire, provided the 
air is excluded. It is not liable to decay or roty 
Jike woody ^nd is the. most indestructible sub- 
stiance we are acquainted witli : incapable of putrifying 
itself, it prevents or corrects putridity in other 
bodies. 

Might not this singular property in charcoal be 
employed to advantage f 

' It actually is so in many instances^ charcoal, when 
pounded, makes the best tooth-powder known; if 
meat or fish, beginning to putrify, is boiled, or even 
soaked for a time in water containing powdered 
charcoal, the decayed parts are rendered perfectly 
sweet;) on the same principle, putrid water beco^ies 
sweet by being mixed with charcoal, and the dis- 
agreeable taint which beer casks, &.c. often con- 
tract IS effectually removed. 

Is charcoal ilicn to be comidered as pure carbon'^ 
So it waa thought to be-, aiwl thtiretor:^ liavguier 
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gave it that name; but subsequent experiments have 
been thought to pi ove, that charcoal is compounded 
of carbon and oxygen^ or, in chemical languageyis au 
oxyd of carbon; plumbago, or black lead, is an 
oxyd of carbon, though supposed to contain less 
oxygeii than charcoal. 

Docs pure carbon then no whtre exist 9 

Yes, pure carbon is found, ifvhere perhaps it 
would least have been expected, in the diamotidy 
istrange, and almost incredible as it may appear, no 
I'act can be established on more solid |)roofs, thisiii is 
the fact that those two substances, charcoal and 
diamond, so widely differ^iit in colour, transparency, 
gravity, hardness, and combustibility, differ only is 
(heir purity ; the one being in a simple state, the 
other in a state of timpurity. 

A fact so directly/ contrary to what would be 
expected from a comparison of' the two substances, 
require proofs of a very decisive nature — Can you 
state on what grounds this identity is niaintainedf 

The experiments made to ascertain a. point of 
such importance have been nunierous, and their 
results conclusive; some o( the principal Mre these;, 
they are both completely combustible, and wbea 
burnt, the product is in both ca9e8 carbonic acid gas, 
that is, carbon and oxygen, a given weight of dia^ 
mond yielding the Hame quantity of carbonic acid as^ 
an equal weighi of charcoal, if heated never so muck 
or long, provided the oxygen is excluded, they both 
^^etamia ujoBltertd, and %vhen iron J3 iMattd in eon* 
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tact with charcoul or diamonc)^ they both disappear, 
and tb^ iron is converted into steel, which is a car- 
buret of iron; these and other experiments^ when 
properly consid^red^ are sufficient to dispel all doubt 
of the truth of this extraordinary fact. 

Ifmch be really the fact i does it not seem to 
follow, that diamonds may be easily produced by 
art, since me- art so well acquainted with their 
■nature; we have only, as in the making of phos- 
phorus, to take away ihe oxygen from charcofih 
and the substance remaining will be diamond'? 

It is not impossible but that diamond^ may here- 
after be formed by .art, but though it may at first 
sight appear much efi^ier to simplify than combine 
8ul>stances> yet it is oftep in reality p^i^ph more dif- 
ficult; beside^ diamond is carboti crystallized; tp 
form perfect crystals of many o^her subs(auc^ is 
often, even when we do succeed, a difficult and slo^ 
process, and vvhat length of time, even nature he^* 
^elf may require, to form those crystals called di%> 
monds, we are yet ignorant. 

AdmiUiag the difficulty of forming .diamond 
by art to be accounted for, does it not seem strange ,^ 
that pure carbon is so neiiom found in nature^ when 
its oxyds are so common ? 

Mr. Parkes, in his Chemical Catechism, hat 
answered this very natural question; he remarks 
that '* aluminous earth is likewise one of the com- 
monest substancfes, though the adamantine spar, na 
kju rare than tbe di^miond;^ is nevertheless alumine^ 
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that iron exiists every ^here^ under every fomiy ex- 
cepting in the state of puriff/y and that the existenoe 
of native iron is still doubtful/' many ai*e decidedly 
of opinion that n<» .such thing has ever yet been 
found. '• ' 

Ha'ce t/ttse conelusiom respecting the nature of 

'the'two bodits, diamond and charcoal, been con^ 

firmed by the most recent experiments? 

' So far as relates to the identity of, the two sub- 

stance^^ they have been amply confirmed by xh/^ 

very accurate experiments of Mr. Davy, together 

Snirti those of Meiis^s. Alton and Pepy's; but, from 

the fact that charcoal requires as much oxygen for 

its combustion as diamond, it is inferred by the latter 

'gentlemen, that charcoal is not, as all Chemists 

'lintil now had concluded, an oxyd of carbon or diar 

'morid, but carbon itself, and that those two sub- 

rtancfes differ only fh>m fcich other " in the state of 

t;heaggregati6n of their particles." Mr. Davy, howi- 

"ever, thinks that charcoal, though principally carbon, 

may be '^a very compounded substance/ - How 

many more diamonds mtty be consumed before this 

question rs finally set at rest, is difficult to say. • 

• What is the nature of Hyckogen? 

Though hydrogen itself is considered as a simple 

* body, yet we are nevf r abfc to obtain it in an uii- 
compouiidt'd statf; the inost simple form in which 
\ve chn Examine it, i-* that of gas, in uhich it is com- 
biiieclwfh ca'or ( ; ir ihis state'it is, According to its 

purjh'i *r <tu rievrn to llnrltefi times iighter tbaii 
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atmospheric air; it ia not absorbed by water, df 
which it is one of the constituent parts; it is very in- 
flammable, and \^hen mixed witli o:t}gen gas, or 
alinos|>henc air, it esplodes, and water iu formed; 
it ia the peculinr propeily of this gns to burn with 
flnme, the flames of lamps, candles, torches, &c. 
are all caving to ibe combustion of hydrogen gas, 
as well as thai in our common tires; it ts not respira- 
tive, and a candle plunged into it is immediately m 
extinguijihecl. i^l 

flow w t/iis gas obtained? "^ 

It may be obtained from riilTerent substances : it 
enters into the composition of oils, rosins, and vege- 
tables in geiientl; it is exlialed during the pHirj/bc- 
fj'ttii of bodies; it may be collected Irom stagnuit 
muddy water; it has long been known in mines by 
the name of tiie^Ve ui:i!ipi but from whatever it is 
obtained, it is always in consequence of the decom- 
potitiou of water. The most ready way to procure 
it is by a direct decomposition of that fluid, by pre- 
senting to it some substance capable of abstracting 
its osygen ; if a red hot poker be plunged imo water, 
the iron seines a part of the oxygen of the water, 
bubbles of air rise, which, if caught and examined, 
will be found tu be hydmgen gas; but this, though 
a very umpie, is rather a tedious way of procuring- 
it; it is therefore in general procured by pouring 
diluted sulphuric acid on iron, or zinc tilings, as will 
be destrihed when we come to ipeak of tenter: it 
has ilie propertT of dissolving und lulding In sulit* 
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tioQ several substauces^ bis phosphorus, sulphiir^and 
carbon^ hence the sutphurated hydrogeny whioh 
impregnates the Harrowgate waters^ phosphorated 
hydrogen, &c. it is owing to the difference sub- 
: stances held in solution by this gas, that its Aauie 
18 jdiffeiteatly coloured. 

' How is that gas procured by which it has lately 
*been proposed to light our pub lie streets, S^c. i -, 
•'■■ It i^ obtained 'from p>it x»al^ by e)cposiog it to a 
red heat in a close vessel ; any coal may be u^ed for 
this purpose, but that called Vannel coal affords the 
1 purest light> the ' gas asi it rises is .miixed with a pe- 
^ctriiar kmd of tar,' which, together with the gas, is 
of a t^ery offensive smell; in passing through water 
or even by standing over it the greater : part of the* 
t&r is^deposited, and the gasy coHsparatively pure, is 
conveyed by pipes to the severnl. places where it is 
to be consumed ; this gas Js called carburetied hy- 
drogen, from its , holding a portion iof' pharcpal in 

solution. '. • . : : •. . 

Is not this pldnan economical one f.\.- 
The very offensive odour of this 'gas if it escapes 
unbumt, and the very ^reat difficulty (as may easily 
be conceived) of confining a gas so mucli naore 
subtile than common air, reiKiersthe apparatus, if 
properly constructed, very expensive; otherwise 
the gas itself is procured at. a -small expence ; two 
pecks of coals.' would yield a sutiicient quantity of 
gas to support above forty flames, for four hours, 
Mnd product m effect not to be /produced in any 
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Other ^^y, and when the gas is all e^tncated^ if anj 
hut iiw Cantiel. ^oal ia used, there- repnains a ><iuanr. 
tity of exceUent^oAk> oae half of. which is su^cieat 
tp supply date fire fur the ensuing eypning. . \ 

Doe».it then appear probable that this mode qfi 
illummapion ,t&Hi ever; be brought into general 

By no ineaAaj it imay ainsjwer very M^ell in , partir 
cuiar in^ancos^ as in large aiaauf«ctories, &€. but sq 
many and. so great are tlie objections tx) iu general 
use^ and so great the mischittfs that wduld follow 
even an attempt of that n^Uure^ that jnot diUinterested 
person who has considered the subject^ and whose 
experinitnts have qualified him judge of it, cai^ 
admit even the possibility of success in any attempt 
to bring it into general use ; tlie countenance that has 
been given to proposals of this nature, only serve to 
shew how easily we Englishmen are imposed on, 
and how perfectly aware of this circumstance, are 
foreigners in general. s 

JVhat is the nature of Nitrogen ? 

Nitrogen, like oxygen, hydrogen, and other sub- 
stances, is only met with in combination, its most 
simple state being, that of gas, it enters into the 
composition of animal and vegetable bodies ; it is, 
as its name implies, the basis of the nitric acid, it 
was formerly called azote, it is a component part of 
atmospheric air, of which it forms more than two- 
thirds, it will not support flame; it is in certain cases 
capable of combustion, and is therefore ranked 
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among the siimple combustible bodiesi tfaotigh it 
caimot be burnt ih A« coiflmon wnj like hydrogen 
gas; it 18 not respirabie atone, but it answer^ 
among others, the moet tm{k>itant pui^oie of di-i 
luti]^ the oxygen gas of the atmosphere, and 
rendering it more fk for respiration, fcc. than ik 
M'buld be alone. It may be prepared by putting 
a quantity of ireii filings and sulphur moistened 
with water, into a gfatts vessel full of air, in the 
course of a few days all the oxygen will be ab* 
sorbed and the remainder will be pure nitrogen 
gas, the properties of whidi will be more fiiUj 
considered when we come to speak of the com* 
position of atmospheric air. 
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CHAP. III. 
OiV MSfALfS. 



M.T ka$ been stated thai the metaisf eiclushe tyf 
those recently ditcottetedj amounted to tttenty-izoo, 
}¥hat are their narnis? 

Gold, Silvef, Platina, Mercury, Copper, Ii^on, 
Tin, Lead, Nickel}, Zinc, Bismuth, Antimony, Telr 
kiriuiii. Arsenic, Cobalt, Mar^anese, Tungsteinv 
Molybdenum^ Uranium, Titam&nr, Chromium, and 
Cohmibium; these differ very mtich in their pro- 
perties, . and in their hnportance to society and td 
the arts; some of them beidg absolutely necessa^ t^ 
our comfort, if net o^ existence, while others at 
present are little more thati chemical curiosiiiesi ; it 
is perhaps proper to remark, that of this list only 
Che first 4even were by the ancients admitted a^ 
metals, though they were acquainted with several 
substances, tbe analysis of which has increi»ed our 
catalogue of metah. 

JTs 9^ot the kmwiedge &/ fhetak and theit pro- 
perties of eonsidetabk importance in Ch^triisrti^? 

At| acquaintance with the propitfitiks ot nieflito is 
certaibly of importance to every Clieifitatf Aey aire 
c^mnbmtibk halves fVoA combustiofi is^^ * eitemk4il 
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pr()cess; they form irarious chemical compounds, 
5vhich exhibit singular properties^ and thus become 
highly ititeresting, though the various methods of 
separating them from the substances viith which they 
are mixed in the mine, as well as the art of deter* 
mining what those mixtures contain^ is indeed rather 
considered as belonging to the minerallogi^t, and 
certainly do not come under general observation. 

Is that branch of Chemistry termed Metallurgy 
as much studied as formerly ? 

The properties of metals are much better wider- 
stood by the moderns, than they were by the ancients^ 
but it must be remembered, that the Alchymists 
«vere the fathers of Chemistry, and their grand ob- 
ject being the production of gold, their attention 
became alniost wholly engrossed by the metals; 
these they tortured in all the ways that science could 
direct, or imagination suggest; but these delusions 
being happily at an end, the study of metals is no 
longer the exclusive object of chemical research ; 
this branch of the science may therefore be said to 
have found its level. 

What are the properties by which metals are 
distinguished from. other bodies? 

The properties formerly ascribed to metals, and 
by which they were Bsid to be distinguished from 
>other bbdies^ were these; a lustre, so peculiar to 
themselves, as to be termed metallic-lustre; a gra^- 
vity superior to all other bodies; opacity^ fusibility^ 
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or the property of meltii^ in the fire; and mallear 
bility, or capacity of extension by hammeritig'; but 
ill many of these properties they diS^ as widely from 
each other, as they do from other bodies^ several of 
them are not at all malleable ; ih^y are^ it is true^ all 
fusible, znd so is ice, WAX, and many other things 
H'hich do not class with metals, and there is even ia 
this respect, a very, wide difference between platinaf 
which requires the strongest possible *heat to melt 
it^ and mercury, which is not only fluid, in the com- 
mon temperature of our atmosphere, but continueit 
so in a degree of cold, much below that at which 
v^ater itself becomes solid. 

* But is not their gravity much superior to all 
other bodies, and is not this therefore a proper 
distinction? 

When the number of metals known amounted to 
seven only, it undoubtedly was, for tin, the lightest 
of these, is nearly twice as heavy as baryteSj the 
heaviest of all earthy bodies ; but since the intro- 
duction of the new metals, now admitted into all 
the Systems of Chemistry, the gradation has been 
nmch more considerable; arsenic, one of those 
metals, is only abput one fifth heavier than barytes^ 
but platina iafouf times as heavy as arsenic, and 
potassium and sodium are so much lighter than even 
the lightest of all the earths, that they smm, not only 
on water, but* on oil, that distuiction therefore, 
though hitherto admitted, must now be given up; 
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their lustre and opacity seem to be almost all lh« 
distinctions remaioing, and even in iliese, some of 
Ihein are closely imitated by otiier bodiea. 
What are the principal fropotia 0/ Gold- 
There isj of course, no metal better koowU) or Its 
properties belter understood, than this; until the dis- 
covery of plalina, it was considered as the heaviest 
of all the metals; its general appearance is too well 
knonn to need describing, it is malleable in a very 
great degree, a single grain of gold may be beaten 
nut to cover lifty-scveu square inches, uiid an ounce 
of gold on silver wire mny be extended to llie length 
of 1300 miles. Dr. Black has made a curious cal- 
culation on this subject, he eays it woiild take four- 
teeti miillions of those films of gold) that cover fiiio 
silver wire, to make up the thickness of one itic/i, 
y;t»ie 9n equal number of common sheets of paper 
Kould amount in thickiioss to ijireii (juarters of n 
Riile. It is not very difficult to melt, but it is so 
/iJeed, as tjie term \$, that though it has been kept 
for niontks in a glas^Uouse furnance, it has re- 
Ripined unitll^red. 

Itoet gold combine niih other metuhi 
Yes, with most of thenii but it bus the strongest 
(J^pity for nierctuy, MJth which it combines verv 
readily; (he gilders of metals avail llieitiselves of 
tJiia property, they forrp an amalgam, or paste, with 
gold and mercurj, whicli they spread on the pieces 
to be gilt, thry then expose ihein to a certain dcgieu 
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of heat, which evaporates the merc^ry^ and leave* 
the gold behind; in this manner the brass plates and 
"wheels^ which compose the inside of a vyatch^ aro 
gilt. 

Is gold soluble in acids9 . 

No common acid has any effect on it, but aqua 
regia^ as it has been called^ which is compounded of 
two acidsj nitric and muriatic, and thence termed 
the nitro-muriatic, readily dissolves it, so does the 
oxygenized muriatic, which contains a very consi-* 
derable quantity of oxygen, and holds it by a slight 
affinity. 

Has not a solution of gold been employed for 
the purpose of preserving the surfaces of otheP 
metals'^ 

Yes, by putting some ether into a solution of 
muriate of gold, the gold will be made to combine 
with the ether, and float on the surface ; this ethereal 
gold has been employed by some curious surgeon's 
instrument makers to defend their instruments froniK 
the oxygen of the atmosphere, that is, to keep them 
from becommg rusty; this preparation waa formerly^ 
used in medicme, and wonderful virtues were as- 
cribed to it, which are now justly held in ridicule.. 

^Vhat are the properties q/* Silver? 

Silver appears to have been knowtt as early a» 
gold; in the writings of Moses they are dieutioued 
together, as constituting part of Abraham's wealth,* 
and tliis is the first proof that occurs of their being 

P3 
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used, or even known; m its gravity it is inferior to 
Hiescury^ gold^ and platiua; in its fixedness in the 
&e^ and its malleabiiityy it yielfls only to the two 
latter^ to wbich^ in these respects^ it is inferior ; it 
combines with sulphur and phosphorus^ and with 
JDOst of the metals. 

/« iilver soluble in acids9 

Yes^ it unites very readily ^rith the thiee prinoipal, 
and with them forms the nitrate^ sulphate, and mu- 
riate of silver ; on account of the strong affinity of 
nlyer for the muriatic acid^ these two substance* 
are employed as tests for «ach otheo ^^^ ^h^y vill 
detach each other from al) the substances with which 
they may be combined ; tbus^ if a few drops of the 
nitrate of silver are put into any solution containing 
muriatic acid, a muriate of silver will be formed^ 
which being an insoluble compound^ will be precis* 
pitated, and become visible in the solution. 

jFfos nitrate of tilver bten employed in anj^ 
other way than as a test? 

Yes; for though nitrous acid stains the skin of its^ 
own colour, yellow, and though silver is a white 
metal, and its solution colourless, yet it stains the^ 
skin black, or a dark brownish purple, approaching 
to black, it has therefore been Msed for the purpose 
of blackening human hair, for staining marble and 
other substances, and, with the addition of a littlq 
gum, as permanent ink fp^ marking linen with tk 
pen, , ' 
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What are the properties of Platina ? 

Platina was not known, at least not as a distinci 
piet^], until 1752: its colour is that of silver^ but 
yiith leys brilliancy, it is by far the heaviest of met^ls> 
9D€l the inost difficult of fusiop^ as it cannot he 
melted^ wh^n pur^, by any furnace; it possesses^ ill 
common with iron, the extraordinary property of 
being joiped^ dr welded, as it is called^ by hamrner* 
Hig two pieces together, when heated to whiteness;^ 
it may be melted by a large voltaic battery; it is not . 
affected by any acid but the nitro-muriatic ; its ind^s* 
tructible nature would render it of very extensive 
use, especially to Chemists, if it could be procured 
in large quantities, and at 9, reasonable expence.. 

Wi^t are the properties^ of' Mercury ? 

Mercury, or Quick-silver, is one of the metals 
s^nciently known, and, from its resemblaiv^e to. gol^ 
VI pgtipt of gravity, was frequently the subject of 
experiment with tbe Alchymists; it is found in iargf^ 
quantities in several parts of the world, particularly^ 
in Spain, Germany, and Perv^ ^t the latter of which 
places mauy thousands of persons, employed ia 
i^ising it, are buried under ground, and nevtsr sul^ 
Sered to enjoy the light of the sun : it is heavier thag^ 
all the metals, except gold and piatina; it is the only 
one that is not combustible; it is always in a flui4 
state at the temperature of our atmosphere, but it 
liecomes-Qolid ^t a certain degree 9f cold, viz. nean 
^0 d^eey below tb9 freezing poiot^ when it may. 
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like the other metals, be extended by the hammer 
into plates ; it is so volatile, that it may be distilled 
from one vessel to another, like any other fluid body^ 
and if exposed to (300 degrees of heat in the open air, 
it rises like water in steam, and though this property 
renders it, as before observed, very useful in the 
gilding of metals, yet it proves very prgudicial to 
the workmen, who inhale it; hence, the watch 
gilders and others are most dreadfully * afiiicted with 
paralytic afTections, notwithstanding the means used 
by the mori? benevolent part of their employers to 
prevent it. . 

' Do the acids act on this metaVf 

The muriatic acid has no direct action on it/ 
though it may be combined with it by means of 
the sulphuric acid, when it forms the corrosive sub- 
limate of the shops; the nitric acid dissolves it 
readily, and when precipitated from this solution-, 
by alcohol, or spirit of wine, it fordis the fulmrinating 
mercury of Howard. 

What are the principal uses of mercury ? 

Besides its usts in forming an amalgam with 
gold for gi'ding metals, it likewise forms an amalgam 
^ith tin foil, for silvering lo(>king glasses. It is of 
very extensive use in medicnie; triturated with sul- 
phur ; it forms' eihiops mineral, the corrosive sub- 
limate, before mentioned, foims, with an addition of 
niercurv, the famous medicine called calomel^ now 
become ahnlst the right hand of every medical man^ 



there are likewise the red and white pre$ipitaies ot 
mercury; when melted with sulphur^ and Mblimed, 
a red sidphuret is formed, called cinnabar, which^ 
when reduced to powder, is the foeautifal red paint 
called vemnlliqn. 

What are the properties o^ Copper? 

The general appearances of tipin metal are waU 
known; its gravity is considerably less than that of 
silver^ being nearly in the proportion of eight to ten. 
It appears from the work^ of Honier to havef been 
known^ and in use^ as early as the Trogan war; be* 
for» the use of iron> all edge-tools and instrumenta 
of war ware made of a mixture of th^s metai with 
tin, which is very havdviDiDi^eability it is next to 
gold, and may be beaten mto very thin leaves; what 
is called Dutch gold is m^de by gilding a plate of 
copper, and then Ideating it out into leaves, 

IJave the acids in general ^ny action on copper? 

Yes, the nitric acid, by its union with this metal, 
forms the nitrate ot* copper, and tliis salt, whe% 
combined with carbonate of lime, produces that fine 
colour called blue verditer ; the sulphuric produces 
\vhat is called Roman, or blue vitriol, but more pro«' 
perly sulphate of copper; by exposure to the 
fumes of vinegar, or acetous acid, copper is con- 
verted into verdegris, or oxyd of copper, and the 
green colour called mineral green, is a muriate of 
copper, formed by the action of the muriatic acid 
on that metal; if a piece of clean iron or t»teel be 
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dipped into a solution of sulphate of copper, its 
wboie surface will be so completely covered^ that it 
will appear as. if turned into copper ; if the tin or 
pewter spider, with which brass candlesticks, 8&c. 
are often repaired, be rubbed with moistened suI-> 
phate of copper, its surface will likewise assume an 
appearance bf copper. 

Of what further uses is this metaVf 

Its other <iises are very numerous, it combines with 
several metals; a small quantity raised with gold 
gives that degree of hardness, without which that 
noble metal would be of comparatively little %iu; 
with different proportions of tin, it forms a com* 
pound of any given colour, from the deep red of the' 
one, to the white of .the other; in combination with 
sine, it forms brass, bell metal, cannon metal, and 
various other useful compounds; its mixtures in* 
crease in hardness iu proportion to the quantity of 
tin which th^ contain, but they become in propor* 
t^on brittle also; that brilliant white metal, of which 
the specula of redacting telescopes are <nade, is a 
mixture of nearly two parts of copper, to one of tin, 
it is very hard, but so exceedingly brittle, that, if 
.cold water be poured upon it, when it is only a 
little warnied by the h^ds of the workman, it will 
instantly bieak. 

Is copper at all used in medicine^ 

No, all its preparations are of a very poisonous 
naturej and hence the conduct of those persons Can 
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hardly be too severely Ctfwswrerf, or even punished^ 
who not only neglect to keep copper cooking vessels 
clean, but who frequently make use of this poispnous 
metal to give their pickles and other things a fine 
green colour. Mr. Partes relates, from the Me- 
. dical Transactions, an instance of a young lady^ who^ 
during the time her hair was dressing, had amused 
herself with eating samphire pickle, coloured in this 
way^ and who paid for it with her life; this is only 
one instance, among many which might be given, of 
the sad effects of such a practice, which is the more 
unpardonable, because entirely unnecessary ; surely 
a person's life is not to be thus put in competition 
with Xhe colour of a pickle ! 
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CHAR IV. 
METALS CONTINUED. 



frilJ Tare the properties of Iron ? 

Iroti, which happily is the most abundant, is alM 
fay far the uiost useful metal, it is isdeed by tlie use 
of this that all the others are procured and fitted for 
our use; though seldom^ if ever^ found nattve, or m 
a pure state^ yet in its combinations it is almost 
every where present under, some form, in stones, in 
red earthen ware, in plants, in animals: though it 
does not appear to havebeen in use so early as gold 
and silver, yet that it was so in th^ time of Moses is 
indisputable, from his frequent mention of it, and 
it was probably known much earlier; in its specific 
gravity it is inferior to copper; it is malleable M'hen 
cbld, but more so when red hot, in yt^hich state it is 
easily hammered into any form ; it is the only metal, 
except platina, which is capable of being welded; 
two pieces, when heated to a white heat, may be 
firmly joined together, merely by hammering, with-* 
out solder or rivet; it is the most elastic of all the 
metals^ and possesses such a degree of tenacity, that 
a wire of one tenth of an inch will sustain a weight 
of 450 pounds, without breaking; it possesses the 



singular propeny of being magnetic, it is not onl 
attracted by ili« niagiiet, or the loadstouc, but tl 
loadalune ilself is only aa ore of iron. It h; 
sttong an affinity for oxygen, that at a red heat 
viU take it from water. 

Do (lit acids in gtatral act on iron'? 

It is acted on by most of t!ie acid^, the sulphiirir, 
IB a diluted stale, readily dimiolves it; the substance 
called green lilriot, or copperaSf but properly tul- 
jthatc of irQu, i» thus produced. 

What art the priitcijMl u»m of this metal. 

Uesides its use in the furiBatioii of aii iiifii 
variety of instruuwnta vhich are weLI known, ita 
coaibitmtions are exceedingly numerous; lli« slitt 
juat nientioucd, is used for makkig ink, a«d< by the 
f^crs ill dving black goods ; when iMia Halt is cukinetly 
it furniahoB the ri-d powder called colcolhar, or 
trocus tnitrtin, uliicli id used for polishing nietaJs 
aud stone:i, it gives the finest lustre to brass of 
whidi that nielnl is capable, and is lite best sub- 
stance for polisliiDg the specula of telescopes; its 
magnetic pruperliiw furiusli the iiivsjuablc mariner's 
compass; pluoibugo, or black lead, is a carburet of 
iron, and enieiy ponder, so uae&I tO lapidafies 
and oilier artisii, is a coinbioation of iron and silex; 
solutions of tlH»>nicul lu nitrous, nwriativ, and 
aaeliciicid, ue used by calio printers; the beautiful 
pfUBsian blue is a combinauoi) of iron with the 
Mvasic acid, and iXa difi'erent oxjds gi^e coloin*, not 
onl; tocDroutwu bricks, but to Ike ruby, garnet, 
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Wpaz,' &c. The ingenious ' Mr. W«l^*o'od l^io 
whose lubours the ladies are indebted fur some of 
their niDNt elegant table furniture, while ihey have 
rurnished theClremisl and others with vessels and 
instiunieiits of the first utility,) is reported to Irave 
baid, ilmt nearly all the fine diversiticd colours of hiu 
pottery were given by the oxjds of this metal only. 

Is iron used in medicine^ 

iian, according to Foitrcroy, is the only nietat 
that is not noxious to animal!>, its preparations are 
used as tonicH, thoiie medicines called slril medi- 
cines are of this nature, and the chalifbeate waters 
owe their virtues to iron; the phospliate of iron, a 
salt produced by the combinBtion of iron with phos- 
phoric acid, has hitely been supposed to be efiicaeious 
in those dreadful complaints termed cancerani; it 
were devoutly to be wished that the expectation may 
be well founded^ he would indeed deuerve veil of 
the human race who should find a cure for ma- 
ladies like these. 

c'/rt what respects does Steel differ f mm Iron? 
> Steel is a carburet of iron, that is, a mixture of 
iron with a small portion, not one hundredll) part, 
of carbon; but in consequence of that small mixture, 
it acquires oew and important properties, it is mucb 
more ductile, its tenacity is so much increased, that 
a wire of steel will support about double the weight 
which one of iron, of the same diameter, would sup- 
[)ort; its elasticity is greatly aiigmcnled, and it ac- 
quires Oic valuable property^ peculiar to ilselfj of 
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being hardened to a gre^t degree^ by the simple operar 
tiou of pluuging it^ when red ho^^ into.water; it may 
afterwards be aiade to acquire almost any temper, 91 
quality which is of the utmost importance in thp 
manufacture of e:icquisitely iine edged or pointed 
.ins^ument^j while at the sapie time^- i% is rendered 
capable of taiing.a very iiue polifb^of strilung' fir(g 
witlijSinty arid will retain the tnagnetic virtue fyf 
aifnp^t any length of time, which iron v^ill not do. , 
. /l ,^here auy read^ way of distinguishing Steel 
from Iron ? 

. Yes they may easily, and with certainty, be di^- 
.tioguished frpm each other, by the application of ft 
sii^le drop of diluted nitric acid ; when it has m» 
mained on th^ metal for a few minutes, it may b^ 
wiped off; if iron, the spot will bq of a whitia|^ 
green, but if stcei, it will be black, by the convert 
sion of the carbon into charcoal, .^ 

iV/iat are the properties of Tin ? 

Xm appears to have been known very early, it ip 
frequently mentioned in the writings of Moses; itji 
gravity is somewhat less than iron, it has long beeg 
coiuiidcred as the lightest of all metals, and is menr 
tioned so in most Systems. of Chemistry; it is indeed 
^lie liglitest of all the meVdiH.formerljf known, but i^ 
very heavy, compared with some . of mod.ern disj- 
covery ; to the metals alreacjy considered, it is much 
inferior in point of tenacity and ductility, but it ij 
tolerably malleable, as. the thin leaves called^tin foil 
will prove; it b flexible, and in bending mpke^ 

1^^ 



a peculiar kind of crackling noise; it has, evennl^n 
cold, some aOinity for o\ygen, and hence it becomes 
'tamiitted in the open air, but that affinity, as to other 
cases, is considerably aicgmented by heat. 
What are the wses of' this mflal'f 
K tin be heated in an open vessel, its surface is 
soon oxydated, and a yellow or grey powder is 
formed, which the workmen call pitity, and which is 
used for polishing various metallic articles, optical 
glasses, &c. when combined with sulphur, by heating 
in a crucible, it forms a brilliant substance nearly of 
the Instre and colour of gold, bnt in flakes, formerly 
calkd aurttm mvsimimf or viosaictim, but more pro- 
perly Sulphnrnteri oxyd of tin, this is used as a paint, 
iBid has beea sometimes applied to the cushions of" 
«leclrical machines, inatead of tiie common amalp;(im 
cfCTiic; with copper, as before sard, it forms lb« 
■pecula of telescopes, it h used fur lining copper 
vessels for cnlinary piir{>03es, to deFend the copper 

i <h«n the action of acids ; though not sonorons itself, 

W renders copper 90, and therefore is mixed with it 
to fofm metal for easting bcJls, tic. it is of great use 

I to the dyer, a solntiun of it in aqun fortis giving a 

fine scarlet colour to the dull crinison given by 
cochineal; il readily anialgamates with mcmirv, and 
tlms furnishes the metallic coating of our looking 
glasses; il is likewise -of various other uses, too 
snnieroils to mention. 
ff'Aat is the naturf of (finse ytalfs cal/erl tin 
p/ates^ ar f,/ock tin, n/'«./iicl so moiiy usrj"uUc«tU 
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; Ttbey are very improperly stil^ iiu platcSj Jbejng 
in- reality trOii coated with^in: Uie term ^^hite iron^ 
used ii^ Scotland, i» aoniewhat .JeM exceptionable;': 
tjiis property of'adheFiog to ^roo^\$^bich tin possessefj 
iMliighly importfint; it keeps the iron plates from 
rusting by the action, of acids^ it gives considerable 
beauty to their appearance^ and furnishes the means, 
of soMering them together in any form, and wjtli; 
wonderful facility. ^ . .^ 

fVhat are tbepropertien of Lead? 
Lead is the last of the seven metals known to, the 
ancieim*; from its being so frequently coupled with 
tin iu the writings. of Moses, one :is led to think.tbat; 
it. was I considered ^s being nearly connected with, 
that met^l)vifi point of gravity^ it occupies the middle- 
rank among the ancient metals^ being lighter than 
pl^MMa, ^old, and mercury, and heavier than copper^ 
irpn, and tinj,of«whicb any one ipay be easily cop- 
viqced by. dropping, pieces of gold, iron, and copper^ 
into mel|e4:lead, the ^i^mer will sink to the bottom^, 
but tike tyfo latter. will.swipjil^e corks on the surface, 
of the leafl: it very soon tarnishes, or is oxydated, by, 
exposure to, the atmosphere, but .more rap^y- 
w^en . bfsate^; it is malleajble, and, i^ay be beat/enj 
ii4Q.thin platesj but \U ductility and tenacity afe but^ 
small, and a leaden wire would support but a small^ 
weight withottt breaking. ' . \. 

.Do noi the qxi/ds of this mef^l, furnish tfu^ 
p^intir witl^ several of his cotour^'^ . 



Yes, the nIiHe oxyi <if leaf), or white had, a* i* 
it iiSLially cailed, is marfe by «s]»osing tliin leaves of 
diis metal 10 the fames of vinegar; the irpper part of 
flcrucible, haiiiig a gratiiiga liitle below ihe middle, 
ia lilted with these leaves luoscly nlled roufid, and 
beneath ihe grating vinegar is pfinrod m, ibe whole 
being exposed lo a gentle heat, resembliitg that of a 
hothouse, the rising vapjur of ibe vinegar corrodes, 
or oxjdizes, the lead, and white lead is formed, 
which is afterwards ground attd prepured for painting. 

li this Ike ot/itf initanre of the kind^ 

No; if lead be exposed to the heal of a furnace, 
it T8 firxl, by the action of oxv-^tn; changed lo agrcy 
ux}'d, then to the t/eliow, cnlled massicot, bikI then 
to the red osyd cailed miniutn, ur red haA. 

Is not lead of a poiionom nature'^ 

Yes, all its prepaiutioria are highly so, as painters, 
and the workmen in white leti^ mill!>, know by sad 
experience ; the vapours of ihe fiinieces where its 
ore is mtltetl, are said to eifcCl the grass in the 
lieiglibonrbood, and to kill itie eatih; which feed on 
it; bot ibtre is one circumstance whidi mnst not 
pass without notice, namely, the horrid practice, 
too fi-e(iuentatnonE8onie of the tttalrts iti wines, &c. 
of correcting the aciJity «f their liquors by a pre- 
paration ^ this metal. 

AFAuf is (Ae >i,itiire of thia prmlicef 

A aolytiijii of lead in acids ^ves a Hweet IBste to 
the liquors with whidi it is luivet), and l»Dce'the 



acetote^ or sugar of lemd^ has beett employed hj 
ignorant or unprincipled dealers to correct the acidity 
of tbair wines and coders: the ignorance of tire 
ancients on this subject, will furnish one, among 
minilMirless proofs, of the great adruntages of the 
study of Chemistry. 

Since tee are indebted to Chemistry for our 
kmowMge (^'ihe perniciotis nature o^^Ais practice, 
CMnrit noifurniih us uho with the muan$ of dt^ 
teeticmf 

Yes; oyster abellt are to be first cakiued, reduced 
to powder, and mixed witli an equal qMantily of sul- 
phur;. the mixture >is thea to be put in a crucible,, 
and kept in a white heat for a qturter of tm houlrf 
wlien uold, it 4s to he mixed with an equal quantity 
of crua'kn of tartar (acidulous tortiile of potass) and 
boiled in a bottle for an hour; when Ihe water i» 
decanted, twenty drops of muriatic acid is to be' 
added to ev«ry ounoe of the water; this liquor ilMli 
delect ibu leaat quantity of had, hy precipitating it 
kiudarfc colotiredpowdor^m the wine which i^ 
iduheraied with k. 

Thertt is a cunoM ppeparation^ frequently stem 
in the sAop windows of Druggists, cnUtd ihe lead 
tree — How is it producedf 

By disiolfing. mi oisince of sugar of Head in a quart 
•f watef in a gias* jar 9 a piece ot brass wire, at the 
end of which a smull piece of zinc is suspended, is^ 
AiA iet down iMo tlie fluids and Ihe whole cosMli 
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op tiglit; in a short time the. lead begins to sboot 
ff<im the zinc downwards^ produckig the most 
beautiful appearance of metallic 'vegetation that can 
^ hfi conceived ; it must not> however^ be moved, vvfaen. 
once formed^ or' it will be in danger of falling tO; 
pieces. . • • j 

" •. fVhat are the properties of Nickell ? . 
• i it is of a colour between silver and tin; its sftecift^. 
gravi^ is ueariy tbat of copper ; it is j;nal)eabte, aodi 
may be hammered into plates; it is very difficuU o£ 
fitskm>and''is attracted by the nu^t. : : 
' W-kere is this metal Jimndf ■ ^ ^ > ' 
It is found in several parts of Germarty^ «im1 
wiien first discovered was thought to be an oreo£ 
copper^ and. named by the Germans fiu]tfeniickely 
«p false copper; itsf existence as a distitrtmetol has» 
been doubted by ieveral celebrated Gheiuists; Dr.! 
nomson saysy ^ It may possibly* be a cotfipound^) 
. and' so may likewise many other metals^ but wesnUat^ 
. admit every thing to be a peculiar body^ wbicb hal* 
peculiar 4properties^ and we binstfildmit ^evefy body- 
to be simple^ until some proof be Aduaily. product. 
Ihlit-it is a compound;" on this ground <we .ttilist 
allow to oickell the honor of beinga distinct metaL; 
What are the properties o/'Zinc? ,. . \ j • , 

^'It is doubtful whether the ancients! wakie ac- 
qiiaiiited with ttiis metai^ as there is no certain meo* 
tioD of it until the time of the well knowb visionary^ 
J^racelsus^ whose foili^ ended with his life ^ia the 
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^^r 1541 : it 13 of a bluish wfiitc colOMfj rtd! ^e^ 
unlike lead, but much more brillknt, anfi when 
broken, appears of a crystalline texture; itH gravity 
ia neitrty that of tin; it is hardly to be termed mal- 
leable, though it will flatten a little by a blow of the 
hammer uitliout breaking; it is easily fused, and, if 
ciposed to a while heat in a crucible, it takes fire 
and bums away with a very brilliant white flame, 
covering the mouth of the crucible w iih a very light 
white subiitauce, resembling cotton wool, formerly 
culled flowers of zinc. 

What are the principal vsa of zinc'? 

Tt is mixed with copper in what is called piuck' 
beck, prinres metal, Sic. and in greater quantities 
for niakiiig biass from copper, and hence, if brass 
be kept in a brisk fire, the zinc is bunit, and the sur- 
face of tlie brass reduced to copper; it foiins, when 
melted, and mixed witli a sufficient quantity of mer- 
cuiy to reduce it to the consistence of a paste when 
ciild, tlic best amalgam for elcclncat macliines, 
which, however, is much improved by being worked 
up with a little tallow ; when sulphuric acid, diluted 
with water, is poured on small pieces or filings of 
liuc, the water is decomposed, as when iron filings 
ure used, hydrogen gas is disei>gngcd, iind a whiliah 
Kail is at length fimnd m the bottom of the vessel, 
which hus been, fooHshiy enough, railed while cop- 
;>f;«s, but properly sulphate of zinc; a sohition of 
thii> Bidt in common water fytiws ■* \eT\ ^■iwvwvi 
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.coUirium^ qr eye \vater> and is perhnpsy for slight iii- 

.^mmations of the eye^ one of ike. best that <:^ Ij^e 

^.used; of late zinc ha^ , been ^ppUed tQ .a new aofl 

Jmportant i^e in galvanic^ or more propc^r/y, voltaic 

bat^riesi w)iicb are formed by alternate plates of 

copper an4 zinc; dif^ted nitrous acid is interposed 

between each pair of plates^ and the .action of this 

acid> ii) oKydizing the ziqg, produces those powerful 

lelecti'ical effects by which Mr^ Davy has made his 

surprizing discoveries. 

IVhat are the properties o^ Bismuth? 

Its specifiq gravity is between those of silver and 

.copper; it i^ one of the UjiQst fusible^ metals, aud it 

renders other metals that are mixed with it more 

easily fusible;, a mixture of equa) parts of lead, tin^ 

ai^ bismuth, is so very fusible, tliat it m.ay \>^ melte^ 

on pap/er over the ilauie of a lamp; its colour ia a 

. ]iind of browniah yellow, . and its texture, whcp 

broken^ not unlike that of zinc;^it is nol^ at. all ^aj^- 

leable, but, on the contTarj, may be powdered by 

;jthe hammer; its singular property u( expanding as jt 

qools, renders it useful in giving a £>biu p inipressiofi 

^to prihtersVtypes. , . . • . . 

What is the preparation called Magisterj/ of 

Jiismuth? 

When the salt called nitntta of bismuth is. formed 

by dissolving the metal in nitrous, acid^ it does not 

dissolve in water, as the othc;^ .salts do, but is prcci* 

pi'tatccJ w the form oi VL vihite powdtr, this is the 



yffhiie osyd fbrmerlytalleGl roagisttery of bisitiuth; 
its beautifiii white had occasioned its' -use/ by the 
ladieij> as a paint for the skin;- but^ not to mention 
the bad effects of almost ev^ ^batance rubbedi on 
the dkin^ in stopping up its {k>resv a fatly should be 
very cautious- iii Using this 'b6autifi^r> iest^ by expo- 
sure to any putrid effluvia^ or sulphuretted hydrogen^ 
such as the Han'oii'gate \vater abounds \rith, or even 
by sitting too near the fire, her lovely trAiVc com^ 
pier I on should be Suddenly turned to a copper 
brown; an instance of which is delated by Mr. Parkes 
in his Chemical Catechism. 

What dre the properties q/* Antimony f 
It is in colour of a greyish wbitey and when brokett^ 
h^s a crystallized appearance; its specific gravity is^ 
rather less than that of tin; it is very brittle; the ad^' 
dition of a smull portion of it has been found to give 
additional compactness to the specula of reflecting^ 
telescopes; the substance usually called criide anti- 
mony, whiiih is used by -stationers to black the edges' 
of cards and paper, is a sulphuret of the metal, that 
is, t combination of sulphur with antimony: the 
Eastern ladies formerly used this^ sulphuret to give' 
a beautiful black to their eye-lids ; it was thus that 
Jezebef, of whom we read in \2 Kings ix. 30. 
adorned iierself, and not by painting her face, as we 
bave translated it. 

ti Antimony ufied in medicine^ 
' Yes, Uhe celebrated fever povf'd^t q^ Ox* ^•a:««^ 
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is a preparatinn of it, and so, as its name implies,'!^ 
\U imitatioa l\ie pulvis a/tlimomalu of ihe sliops; 
emetic tartar in also an aiitimoiiial preparation. 
H'hat are the properties of AtKa\ci 
In it)t metalline slate it is very brittle, and may 
easily be reduced to powder in a mortar; its specific 
gravity dues nut much differ from that of tin; it is 
used for uhitenitig copper; and brass pins, such as 
ladies use, are whitened by it; it gives additional 
whiteness and compactness to metulllc specula; it ii> 
useful in the preparation of several colouis fur llie 
painter, the dver, and the calico printer; ihe orange 
Colour called orpimeiil, tlie fine green called Scltetl's 
gf tf A, and the king's ^lV/ueu, are all, with seterul 
others of leas note, preparation of this uielal ; the 
common white arsenic, uhich is an ojiyd of this 
metal, is well known; it is esteemed a most dreadful 
poison, and so in fact is every powerful medinine, if 
taken in too large quanlilics, but it has for some 
lime been pretty generally employed, and «'ilh great 
success iti small quuntities, in tlie cure of iutermiiting 
fevers, though the faculty, on accounC«f the sirenglh 
of popular prejudice, are cautious in avowing the 
practice. 

What are the properties o/' Cobalt.' 

Cobalt, as a metal, does not appear to have been 

yet applied to any use, though it will combine wilU 

several of the other metals; it is of a. whitish grey 

^oJour, soBietimes Hiih a sliude of red tu pink, is 
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'tea^i' bill Very britllej and ofllttle britliiiitcyT!] 
il is obtained from a mineral called ZafTre 
principally \aluable on account oF its oxj/d, wliiict 
gives ^ very fine and peruianent Otne colour, anop 
bin for more than two cenluries and a lialf b^ei 
employed to colour glass; tlie blue colour caljej 
Aiialt, or commonly poirdcr Hue, wliicli 
bj'painters, by ilie laundresses, mixed with starch, d 
■Alour tlieir linen, and by paper makers 
■colour of their paper, isjlint ghss, colom^cd by tl 
oiiyd, and ground to a fine powder; a coarser sort q 
mis is sometimes used, as a ground, by sign painter* 
'Has not cobalt been used for prepari 
sympathetic ink? 

■Ybs, a beautiful and very curious preparation < 
this kind is made, according to Dr. Henry, by'd 
getting in a sand lieiit for some houra one part of cc 
halt, Of better utill of zafre, witli four parts.of nitfS 
acid; to ibe solution add one part of muriate of sotti 
(common salt) and dilute wiili four parts of watet3 
cfiaracCers written with lliis solution are perfect's 
invisible wlien cold, but on gently warming [bl 



paper appea) 
ibe purity of tli 



1 fine blue or green, according 
metnl employed, tliese when ( 



disappear again; the experiment may be repeated 9 
6ften as desired, provided ibe paper is 
Beatcd, for rt'henlhathappens the colour does not al 
leVwilrds entirely disappear: it U said that landscapes, 
representing a winter stent, \\Me \ie«u &\w«vi «■». 
M/iiiskreeti, t/ie leaves, grass, &,c.\ia.'<fe^i«A^*ti.'«'»' 
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niib this uik, aiuj of course were iuvisible, untH 
sVrnn l\ns been brought near the lire, \\lien the 
barrel* trees have been immediately coveied with 
leaves, as if by magic, the ground lias become green, 
and the whole has a»surr>ed the appearauce of spriug- 
Jf'hot are the prpperdei (i/!Mangaiiese? 
Manganese is a metal of cumparatively modern 
discovery; it ib of a dusky white colour, of some 
lustre, luird, brittle, and very difficult of fusion; its 
attraction for oxygen is so great, that it is never 
found in nature in a meliillic stale; what is sold 
under the name of manganese is the bluck oxyd of 
that metal ; this oxyd is a valuable treasure iu the 
hands of the young Chemist, as it enultles him, at a 
small cxjKnce, to procure a huge quantity of o:(^|;ea 
gm, and thereby instruct and enlerluin himself witb 
some of the most important and most beautiful 
ex[)er)nicntfi that llie science of Chemistry ^ffords. 

li not the curioui su/mtaiice calltd camtlion 
miii'Taf pripareil J'lQiH maiigattest y 

Tliis preparutiun, no called from its changing tlie 
citlour uf the water in which it is dissolved, is a 
highly oxidized manganese with potass; the method 
of preparing it is difTercntly described by difterent 
antlior."; that given by Mr. Parkinson, iu his Clie- 
i^cal Pocket Book, in perliajts the best. Melt in 
a 4:rucible one part of the native (the common 
l>1uck^ oxyd of manganese, and tl)ree parts of nitrate 
of/taiass (salt petrc) " till no mure oxygen gas is 
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making this compound succeed^ perhaps o\iiug to 
the oxygen gas not being a/l <^riven off, which re- 
quires a strong heat, and perhaps for want of atten- 
tion to what Mt. Parlies ■ hak oksei^ed, that if any 
sttlphur is suffered to come in contact with it, the 
whole is spoiled ; vi Een aiittle of this compound is 
thrown into a glass of water, the solution is 6r$i'ff(l^e, 
then grten, then blue again, then re^ilis/i. browru 
black, and at last colourless. 

What are the properties o/*Telfuriumf 

Of Tellurium, and the six remailiiiig: nictals,. little 

more than their names and appearances arc known; (he 

same rem^k may be es:tei)(1ed to s>everal other metal? 

I'. •■ ■■• ' . .' •J ■ * ^ ' ' 

discovered, or, thought Xo be discovered, by different 
persons, no (ess than four of whigh l^^ve occurred m 
the ore pf platina; Cbeiuists are c^rtaiply much 
indebted to the patient and laborioijs reseafcbes qf 
those gentlemen who hare explored the 'Batiires ,pf 
these substances, but tney.do nqt at present | exhibit 
prdpeitiesi . sufficiently interestioi^ to engjage that^at-^ 
tention of tfie young Chemist, which nyiy more pra» 
iitably be directjMl to otnejr pbjects^ . 
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/or wliicli it nas at first taien^ tliat lUtlc need ht 
satdon itsproptirties; its gravity, huwcvur, is less 
tLun that of barytas, and it is less soluble in water; 
it differs from thut eardi in giving a piirj>le culoiir 
to flttOie, instead of jellow, Mr. Parke s indulges a 
hupe, arising from its abundant cxistenue, that it 
may hereafter be fo4ind to possesit Taluabte pro- 
perties, for he observes, and certainly with justice, 
tiiat the AiUiioi of . naUue has formed nottuug in 
win. , . . ■ j[i!'l iiiji'i 

IViat are the ftropatits of Xiine^ . .. ■■& ^"it' 

Lime has been long known, it was useA 4)y the 
ancients in medicine, probably for the same pur- 
poses as we employ magnesia; but its most im- 
porlant property is that of forming a cement for 
buildiug, fur which pmpose it is mow used, and has 
been used from time iiumemonal; it is oue-of the 
alkaline earths, aud therefore possesses, in common 
witli them, the property of effervescing with acids> 
ijhaBgiug vegetable biue^; it has a. burning taste, aud 
19 somewhat corrosive. ,l ..<i .i' 
^, Js lime a'natural qr wti^i(tli»di/'f :■ 

It is no where found naturally iu,th£ stnteof limtv 
that is,, in an uucoipbincd stitte, bmt is always in 
cooUiinatieD wjiU carbonic aculj by its union witlt 
that acid, it forms chalk, marble, limestone, £(,c. aud 
the process of ujaking lime conusts in separating 
that acid frtiQi it by burning; but so, strong is the 

gi^ f^ theM tvyo tubsliuictm for each other, that 



if [lie lime, when burnt, is not kept fioni ilic airj it 
will imbibe carbonic acid from it, lose iiiosl of its 
characteristic properties, aud \te. retjucecl lo ctialk, 
or carbonate of limej agaio. 

tVill it not unitt with other subslama besides 
curbortic acid'^ 

Yes, ill affinity fef water is well knonn; 1/ left 
exposed to tha dItj it abstracts its moisture, and 
crumbles to pieces; it is is a very Biiiull degree 
soluble ill water, requiring 500, or, according to 
some, 700 times its weight of water to dissolve it^ 
itfoims with tluoric acid the beautiful substaocc 
called Derbyshire spar; with sulphuric acid plaster 
of Paris; it IS the basis of the shells o(Jii>}i, and of 
animal liones; it combines with sulphur; \\i\h pbos- 
plioruB it forms a curious substance called pkos- 
pboret of lime, which baa the property of decom- 
posing walerj and with its hydrogen forming bubbles 
of phosphorated hydrogen gas, \vhich take fire on 
reaching the surface of the water. 
, What arr the properties o/' Magnesia? 

Magnesia was introduced about the beginning, of 
the eighteenth century, as a medicine; its prepara- 
tion ^vas kept a profouud ^cret, and it was, as usual 
in. those cases, magnilied as a cure fur all diseases; 
it is a white powder, very soft to the touchj lias 
scarcely any taste, and is destitute of smell; its 
specific gravitj is about half that of baryles, and it 
is so little soluble iu waler, that it rei^ulres oe^, 
$000 times its weight to dihs^Vie U. .'. > 
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h it a natural or an artificial production^ ■ li ' 

It K found, cumbined ivitli Kulphuric acid, in 
sea WDt«r, from whence it is ffequeiilly obtained) 
after tbe common salt has been separated from it ; 
likewise in several spHngs, and from the circiim- 
iiance of some of those springs being discovered 
in l!ie neighbourhood of Epsom, the sulphate was 
called F.pfom fa/Is; the procees of obtaining the 
magnesia from this salt is extremety simple ; when 
the salt is dissolved in water, half its treighl of 
potass is added; the sulphnric acid combines with 
the potass, and the magnesix falls to the bottom;, 
and is taken out, washed, und dried. 

i/rts tnagiiesid been apptied to any mfful pur- 
posts'^ 

Its use in medir'me is considerable; it is an alkft- 
ittie eaith, atid possesses, in common with all those 
bodies, the property of correcting acidities, whil« 
the use of it is not attended with those incon- 
veniences which frequeiitly attend the use of ibt 
other alkaline substances; it is useful to the Chemist> 
and to the manufacturer of porcelain, and is au 
excellent antidote against ttie mineral puiaons. 

What are ihr propetties o/ Alumina? 

Till! earth is the purep;!rt of clay, or clay trtid 
from the impurities wift which it is usually fbundr 
and, together with its sa:!t, alfvm, or sulpkaie of 
alumina, appears to have l»een koowu to the 
macienta-; though they were ignorant of the com- 
/>ooeatparts of aUam^ tllej Imcv* iW ya»5«TU«, *aA 



employed it in iymg > they avails theniBelyeSidi^ the 
xycill knov^p property of alumina in hai;,dening in the 
fir^j, apd. fprni^d a variety of vessek* with it; ils 
affinity {fpr^greasy. ^ubstances^ from w^faenc^ it^^ib- 
rive3,its c)eapsii^ froperty, oppea;rs likewise iKvbaTi^ 
.been ei^'I);^9wa;,it is not soluble id watery thoug)i 
it rei^flily TPM^e^ with it^ s^nd it does not effect the 
yegi^jtable cqlpfffSi . •..- 

Js npiiMlujfiifla frequent Ij/ met with in combinO' 
tioti^with otnfr ,i^odlts? . , •» •;!'' 

Yes, Juller£ €avtk is a mixture. Qf clay, and sSev; 
Qch^fiy .9. well knpwn yellow .powd9r> used as a painty 
is alumina and o^^vd of iron, . it >. ......' >? 

uirc earihen vessels made of alumina, only fi^ ■» 

No, its property of contracting in the fire, ren- 
ders it tinfit to he used alone, as the vessels formed 
of it would crack iu bukiug, to prevent which it \u 
mixed with various proportions of sund, according 
to the purposes for which it is wanted. 

Are the remaining earths of equal importance 
with those already considered^ 

With the es;ceptiou of silex, they are to be re- 
garded as little more than chemical curiosities: of 
Tttria^ Glucina, Zirconia, and Augustina, we know 
but little except their names, and the very existence 
of tlie last appears to be doubtful; .silex, however^ 
is a valuable earth. 

What then are the properties of Silex ? 

$ilex is that ^artb of which flint is fo!^ak&d\ y^\^ 
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iatid 18 silex; qnattfyo^ rock crystkT^ is tompos^A of 
•ikx ; «o are/ ttio^e or le^^r, all the priecidus stones; 
its great imfportafice'will appear ^licfrt it is consi* 
, dered that the -beaiitiAil and highly useful article 
gia89 fs formed of it; it bis tio taste^ or any alkaline 
properties; it lis not of itself fusible iti the fire^ biit 
on bdng mixed With- aii alkalie^ feadily runs int6 
glass ; the asbestos^ of which the famohs i^^Ombv^ 
tible cloth waa made^ is principally silex'; and, 
while it enters into the composition bf those stones 
which have obtained = the appellation 6f precious, the 
firmness and diiiliftility of our ptiblic roitds are owing 
to it; it enters into the composition of earthen ware# 
•f allabrts. 
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, i CHAP. VI. 
ON TBE ALKALIES. '■'•'' 

• , . ■ . .■ .» I • J 

mi A FlffG ^ofmdertd tie proptrties^qf all those. 
hodici f^biclh i^ ih^pre^U ^aie of chemicat kuow^ 
lfdg€,are CQnsid^red as umple^.mh^t compounds 
flff// cQf^e^ost uatufally to b4 cofisidered? 

Ti)oqg{i (his point, as Dr. .ThOHs^op obseinret^ is 
I^cUy. nqt of mi^ consequence, yet the peculiar 
ciicumj^aQCie^ of tiie. alkalies, arisii^ from ibeir near 
relationship tq several of the earths, and. their having 
hej^n jthei^^'^lveii,. until very lately, ^emsi^lered as 
si^iplet ho4i^s^ seem to give tbein some claim to our 
next consideraij^n.' 

Houf viqaj^/ilkalUs urt iher^f 

Three, , !|^ot9^j Soda, apd Ammomi^; the two 
former of ^^ JWfl.ig^wndly 9een in a solid or. 
ci^yf t^^in^ st^tf^ th^ lattt^r in a fluid .one. 

&W^^th^iMv^fii^f'* eon^ered as simphbodiei^ 
TCt ar^ to qofi(ilu4^fhjiiffthej^ are iHrf pneparod bj^, 
t^^but javeJ'oun4Aii^tiv4i^ 

Thi^ dp^s noli % fii^y. m^ans; follow; there are. 
several bodies, ^^oii^idi^red as simply, which are never 
found in nature^ but in a state of combination with 
atJi^ri^(|^,fr9i^^hiqhib9-Ai;t otCkemUtrtf is 
employed to separate th^i^^ thl9i, curious. subajLOA^^.^ 
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called phosphorus is an instance of this, the art 
making whichyvonsists in sej)arating it, by an intense 
heat, from the substances with which it is Daturall^ 
tombincd. 

How then are the alkaUa oLlai/tS? 

Potass and Soda arebottl'BbtainGd from the ashes 
of burnt vegetables, by washing ihcm in water, and 
aAernards pouring off the water, and evaporating it, 
when the alkalie is fouud nt the bottom of tTie vessel ; 
it In, however, by no means in a pnre state, but is 
inixfd «ith several other substances; from some of 
these it may be purified by exposure to a red heat, 
Init it is still combined ^iih carbonic acid, which 
l>lunta, and ahnost destrcn/s, some <if its properties ; 
it may in great ineasiirt.' lie separated from that acid 
by boiling with (juick-litiie, which lias a very stfon;; 
adinity for the acid; tliia is the state in which it is 
commonly sold, and in which it is sufficiently pure 
for the generality of experiments; to render it per- 
J'ectfi/ pdre, retinires a very difficult and expensive 
{wocesD, and when niadfe so, it most be carefully pre- 
served from the air, or il will again imbibe carbonic 
acid from it, lose its causticity, and become 
unfit for moEt experiments ; there is indeed another 
circumstance uhich renders it necessary to keep 
tliose alkalies from the air, namely, their strong 
iifiinity for water; if exposed to the air ihey would 
Mton tkHi/vietcc, or melt. 

yf t^re no dijference hi the preparation or pr^ ■ 
j^rttf*ofi/te two alkaliet't -^ 
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The pota$$ ia preyed from vegetablet wticli 
gfowop Uie landf but soda is oUained from Ibe 
aifhet of mtttine • plants ; formerly their propa<lies 
Wei>9 supposed to be etecdy'jiihilar^ but tthasitow 
been asctcrtSABf d Ifisl thene tare aeno circunistaiMsei 
10 imhick ib^- jdi€ifer>: which, howeveiv -it ianot 
tieceasiiry at preseit to stetej aeibey peffdotlyagiM 
in their geoeraLcharactcm 

Htm IS <Ae' o^A«r aikdlie called Ammomn'prd^ 
furedl ■•. . .•:..-/,,;;■; 

. It may be procured 1^ distillatioo froiti liariou^ 
substances; k obtained (he namie of ammoniii iiVom 
its being distiUeid from so/ ammptdac y ihe horn3 and 
hoof of animals yield k^ and from llie circuasstadoe 
of the horns of the hart'hafiqg bee;n sometimestised; 
it has vulgarly been cMed harUharn; in dbtiilaties^ 
it rises in the form, of giu^- but is rapidly absorbed 
by the water in the receiver^ and forms with it iiq&id 
^i^imonia^ or spirit of hartciiorn. ) 

. {Jow ha^veth^ alkalia betn divided by Cftemi^^ 

Into fixed and yolatile« and into mineral and vege* 
table; the amtaouia is certainly votatiU,. itsnattirai 
form being that of a gas, and the potass and 'abda 
have some claim to the title of fixed, because they are 
9ot dissipated but by a rtd heat; hut the distinotioii 
between mineral and vegetable^ being unifoimded^ia 
HOW. laid .aside. • 

What are the properties of the aikalies? 

iWe mtist, once for all^ observe ^WaI>t*^BKvwsNsw^ 
that our ciassifications^ boiHe?9«c iM^esa&i^i 

G 
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■piiii; "nature does not know ihcin," niiil o1 
biuseit to cunrorm to them; it camiut therefore be 
bpected tba[ the alkali«s, any more iliaii the acids, 
nd other classes of bodies, should agree in ail their 
llropeTties; it is sufficient tor our piirpoite ihul they 
^so ill their general ones; the firiHcij-al charac- 
lerialica of alkalies are these, 1. they hjive a hoi and 
bitter taste, aud when pure are highly caiistif; 
'i. ihey change the vegetable blue colours to green; 
if a piece of unsized paper, coloured with litmus, 
^or with ihe juice of red cabbi^e, wliich gives a 
1 blue colour and atiords a more delirate test 
u litmus) if this paper be dipped in an alkaline 
fution, it will be changed to a bright gietn; an 
infusion in hot water of the flowers of mallows will 
atiswer the same purpose; there is another very 
:aie test for alkalies, wliich has lately been much 
:, viz. paper stained by turmtric; this is of a 
ight yellow, and on being dipped into uny alkaline 
hltion changes to a brown: 3. they occasion^aa 
vvticenre when mixed with acids. ^H 

^What is meant by an tffervesccnct ? ^H 

n appearance somewhat similar to what is termed 
t^ingj when an acid and ulkalJe are mixed, pro- 
Ued one of them is in solution, a brisk kind of 
olion is seen m the mixture, small bubbles of air 
(over the sui face, and a hissing noise is heard ; when- 
r this happens, on putting un acid iuto any sulu- 
ti'oo, it indicates that the solution conta lis some 
eubstance of aa alkaliue ualuie. 






Art not the alkaius of gretU u$e in the varioui 
arts? 

Yes, their uses are numerous and^ inoportant; ia 
the niaaufactare of. that el^ant and useful article 
g/ass,. the- alk^lie n^tn a very . diatinguished part; 
•dex> of Mrbich'glajii is.nnade^ will not melt of itadh^ 
but bec^jpcias finsibleon loixing with an alkalie; for 
tbia!pui:ppae ^ preference' kgiYen to soda^ as it ia 
fouud to fuze the silex ^noat readiJy y the same pirt- 
fereoce is given tothiif alk»lie ' over potass for an^ 
other reason> in other cases, nafitely> because it ia^ 
less corrosive^ aud therefore leaa liable ta injure the 
lineB, &c. when it is usqd in dyings blea^ing^.&Q. 
alkalies have the very useful property of rendering^^ 
oils and fat oiiscible with water^ and thereby forming, 
soaps; for this purpose potass is preferred ii| tb^ 
manufacture of soft soap^ and soda in that of hardr 
from an idea that the latter gives more firmnesa to 
the soap than the former. 

h it 7U)t to the alkalie that soap owes ii$- deteth 
site or cleansing quaUti/i-rrwhy then ate the oils.ior 
tall(r,is added'i 

The caustic nature pf the alkalie, if. alone, womU 
injure tlie fmep sorts of li^en^as well as the hands iji 
using, therefore the tallow or oil is added to reiidcr 
it more mild, and more fit for general purpose. t 

Can the alkalies ofily be obtainedfrom tlie ashes 
0/ burnt vegetable substances? 

They may be obtained by different ^toc^^a^t^^xwsk' 
iUher cc?n]binations ; that vast Aeposv\.oT^ ^^ ^^^v 
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oontaitts immeitte quantities of soda, for table salt, 
which is obtained from it| is soda^ combined with 
•mrntic acid. 

'-■ Are the combinatiom of the alkaliei'immerousf 
, Yes they combine with aH the acids^ and form % 
iiMie^ous class of salts^ wbicb^ agreeably to Uie 
•ncelletit plan of the present nomeaekrtiire^ are 
iiaHied from the two stbstaoces which forat fheni^ 
m the nitraleft ^f ammonia and tof potass^ sulphate 
ift'SO^k, &c these salts were forhierljr called ntnttid 
#all^^ as betfig neither aeid or alkaline, but that term 
^ now iMd aside; the a<iid which they are always 
m^uralfy combined tvith, and from which, as 
lAready nbftervedi it is <fifficult to s^rate them, is 
nibfd carbonie/ wkh this th^ iotm taAotrnte <yf 
|lbtattft or addla, ■ ■ " -i"*'*'! ■ • • " ■ 

f^'^'Wkai' w tha mature of ihlt vdhxHIe nihility 

in its general properties as ad irf&alie, it^ agrees 
lirftti the fixed* Ones; that very 'Usbftil ^It <^lled 
sal ammoniae, 4s a m.uriate of ahmionia, that is, em* 
monia con^bined with muriatic acid; ammonia is 

• • • • • 

Ulfeeedffigly ^^ful in medicine, and in various arts; 
tki'^ts comtenation with carbonic acid, it assumes -a 
i6Jmerete form, and beautifb) 'wfcfite coIoul>, alid'is 

then the smlt called sal volatile, contained in ib^^ 

ladies^ smelling bottles. 
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" Waving _finithtd our cxaminalioii of the metalsj. 
alkalies, ami earths, it seems now proper to advert 
more par tkul art If to the rtcent discovcriei of Mr. 
Davy, which bear so near a relation to thpse 
bodies; andjirst of (he aikalies,for thae, you have 
said, have proved to he cotnpaund — What then is 
the nature of their composition, and the diacoveriet 
relating to them? 

The alkalies sod earths have long been the sub- 
jecta of suspicion; though permitted to hold their 
rank among tile simple substances, yet it has been 
supposed by many of the lir^t Chemists that tbejr 
were compounds, and accordingly numeroi 
tetiipts have been made to decompose them 
some French Chemists of eminence hud gone so far 
as lo announce tbeir decomposition ; but their ex- 
periments were not satisfactory, nor did they 
to Kuppose that the nature of the compound hi 
been ascertained; at length, oiu- justly celebrati 
countryman, Mr. Davy, after numerous well coi 
oeived and accurate experinnents, succeeded 
taining from the two alkalies, two distinct metalll 
substances,. one of which be called Potassium, 
the other Sodium. 

What are the properties of those melaU'^ 
Though different in some instances, nornecessary 
uttliia lime tb notice, their general characters arc 
the same; their specific gravity is so small, that ihej^ ^ 
3 
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Awin, not only on u-ater, but on oil', iheir'iOIN' 
tistenuy U bi;tween that of a Auiil«nd a solid, or like 
itiit of soft wax ; llieir affinity for osj-gen is so great, 
that they readily tukc it from water, and burn with 
rafwJity the instant they are throkrtl on ita lurface, 
us they do on that of ice ; and though carbonic acid 
^aa esliogMishes the flame of ihat very conibustihle 
substance hydrogen gas, these luelaiij will burn in it 
with a apleiulout, whichj ihougli different in colour, 
ie little inferior to that of sul)ihur m oiiy|en g»s ; in 
consequence of llieir titroi^ at6i»ty for oxygen, eten 
at the common temperature of ibe atiuu^phere, it 
follows that ihey are not to be met with naturally in 
their metaJtic state, but in the condition of an oxyd; 
fcitass w an oxyd of potassium, and soda of aodinui. 

Jiif what meani was the decomposition of' l/ie 
*ikaiia tf^ted'? 

Mr. Davy accotoplisbed it by (be galvanic, or 
more properly fo/rAiL' battery, by the fierce ofwhich 
be was enabled to expul the oxygen from the poluss 
and sudu, when their uielallic bases appeared; their 
affinity for oHygen ix such, that ihey rannot be pre- 
served, if eiposed to the air, and are iberefore 
always kept under freali distilled naplha. 

h tktre no other method ^' derotnposit^ the 
alkalia'f 

Yes, the IVencb Cbeiniste, having besrd of the 
HJdfKovery, tudreconrce to atKttber method, -wbich 
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has nicceeddd; it is the sitne as ^t by vvliicb neater 
is ditioompttsedj some iron turnings are put into the 
niiddit of aigun barrel, a ({wuitityof potass placed 
in a tube at one. end 19 made to drop s\q^\y doiK^non 
•llie iron ternings, -while in a white heat; the potass 
is diQs deprivedofitvoscygen, which combinejl with 
the iron, and the potasaiiini is founid at the other 
end of the gun barrel. 

The discovery is certainly a very curious one ; is 
it likely to be of extensive utility If 

It is not possible, in the present state of things^ 
to ascertain its importance, but it is easy to conceive 
that such powerful agents may hereafter be employed 
to very great advantage in a variety of ways, which 
cannot now be pointed out: It may be proper to 
observe, thatj notwithstanding the difficulty in 
operating on the volatile alkalie ammonia, there is 
good reason to conclude that the base of that ia 
metallic also. 

Have any of the earths been decomposed'^ 

Yes, Mr. Davy has also succeeded in decom-^ 
posing, by the Voltaic battery, the four alkaline 
earths, Barytes, Str&ntian, Lime,and Magnesia^ and 
has produced metallic substances from those also^ 
to which he has given the names of Barium, Stron- 
tium, Calcium, and Magnium. Mr. Davy supposes, 
and the idea is plausible and beautiful, that though, 
for obvious reasons, these metab< cannot exist, at the- 
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nurface of the earth, yet tbej may be buried under 
it; and, if this be admitted,. it is not difficult to coi>> 
eeive that by tlie coiiUGt. of waten, or some other 
substance capable of impairing oxygen to- them, they 
would be injiamed^ and bursting from their confine-- 
ment, would occasion earthquakes, and other tre^ 
BiendouS' effects^ which have not hitherto* beetle 
accounted for. 



^1 



<69> 



CHAP. VII. 

ON cHEwicAt AFfmnr. 



i«-i-*MMhMM«t 



In amf atiempt to umdersUind the tdence of 
Ckemiiiry^ it it not rfimporttmce to be UfeU at' 
qaauUtd uith the lawi of Affinity i 

Ye6| of the greatest importance, because alt ibe 
changes we aria capable of producing, depend on 
thoae laWa ; aud we are iherafore unable to perfornit 
fuay thing ourselves, or. imdefstand what is every day 
passing beftisre our eyes in nature y or in chemical 
texptriment^, without attending to the laws of affinity, 
by which ihcy are invariably govtened. 

What do ffiou understand by the term Affinity^ 

'■'■'. The,c^i8/H9si/fsii jwhichQcrtain bodies, of c/^erfU^ 

natures, hsLve to untie when naixed together; and 

J^y which tliey form substances different in their 

•appearances and properties froin those of which 

they are composed. 

Is the ftrm affinity of the same ^sigmjlcation 
mth that of attraction, so ofttn med by I^hi-* 
losophcrs? 

No, the word attraction is meant to express tho 

'tendency of certain' bodies to approach and adhere 

to each other, bat without forming aiiy real miion^ 
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or producing any change of substance; attraction 
frequently exists between bodies of the same na- 
ture; but the term affinity^ is meant to express the 
tendency of bodies of dhtinift and opposite nature* 
to enter into union^ and forrn^ by th<^ union^ new 
bodies. 

Have all bodies au.affinitif^for each other?- 
No, some have no tendency to unite with each 
other; while/ on the coDtNiry, others are no sooner 
brought together, tbeii a iriolent action ensues^ and 
they are perfectly, <i<nd sometime* immediately, 
iioited* 

Can you produce an^initanet of that differ ence'f 
Yes, if sand and water are agitated together never 
go violently, they do not at M unite, but, when suf- 
fered to rest, are found perfectly separate from each 
other; the fiame will take place when oil and water 
are mixed together; but if any kind olmit be thrown 
ipto water, it will be dissolved, will disappear^ and 
he united to the water; or if a piece of copper be 
put into nitrous acid, or aqua fortis, a violent 
effervescence will ensue^ accompanied with striking 
appearances, the copper will be dissolved, and a new 
.' substance, called nitrate of copper, will be the pro* 
duce of its union with the acid. 
. Is the force of is principle, uhich you term 
ajjinity, always equal? 

. No| between aome bodies the affinity is very weak,^ 
nAi'/e others are so strongly held together by it^ that 
// Js exceedingly difiicult to separate xWm, 
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Is not the knowledge cf thi$ difference of great 
importance to Chemists'^ 

YeHf so impoctant that it . coostitutes the very 
fouudatiou of cbeaiical scieiice^ since without it 
noqe of those changeff> consistiug of composition 
and decomposition^ tould be either performed or 
understood* 

By what means do Chemists, effect €. change in 
tilt body under examination'^ 

By preseutiug to tb^ substance they intend to 
operate on« some other substance which has a 
stronger affinity for one of its component part^ than 
that by uhich they are held together^ and which will 
therefore detach it from the original compound. 

Can you give an instance of this difftrtnce of 
affinity, and its effect, as fww stated'^ 

Yes ; if you lake spirit of wine^ in which a very 
considerable proportion of camphor has been pre- 
viously dissolved, it \ull in the iirst place afford 
an instance of simple affinity, for the spirit will 
be perfectly transparent^ and the camphor ii>- 
visible; if now clear water be poured in, the 
dijff*erent degrees of affinity will be exemplified^ for 
the spirit having vl. stronger affinity for the water 
than it has for the camphor^ will unite with it; the 
camphor will be disengaged^ and fail in the form of 
a white cloud to die bottom of the vessel; or the 
same may be shewn by dissolving common salt in. 
waterj and then {>oanHg in spirit of wine) v;hfi.\i ^S(^s^ 
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salt will fall to the bottom of the vessel/ as tlie 

« 

camphor does in the first experiment; 

It appears then that cdl the operaiionf of' 
Cliemhtry art conducted on theee principles? 

Yes, the original eombimitionsy to^ M'hich the 
forms and properties of the bodies were owingi 
beiug thus destroyed by the action of new^ and more 
powerful affinities, new substances are produced, 
difiering entirely, both in appearances and properties, ^ 
from those out of which they were> formed; thus 
colours are produced and destroyed, solids become 
fluids, and fluids become solids^;* corrosive substances, 
• by their action on each other, become mild, and 
mild ones become cofresive. 

Name one or two of the most striking instances . 
in which, a change of colour is prodiKcd by 
chemical agency 9 

If I pour boiling water on a piece of red cabbage, 
it will, when poUred ofl^ have iktle or no colour, 
but if I pour some of this water into two glasses, 
and then pour into one a solation of potass, or any 
othl^r ^Ika/ie, it will tuilvof a beautiful green; while 
6«i the contrary, if I pour- into 'flie • otbe^ a snIaf^ 
quantity -of 49uJphuric, of any other acid, it wiH 
appear of a Kvely red colbiih ' 

Can the coloars, thus prepared j beagain changed 
or de^troyedf' • • ' - ■ 

Ye8> for if I now poinrithe gretn coloured water 
int0 ^ glatfs cootaining a sliiall portion of -addf and 



CHEUIOAL AFPINITV. 73 

the rtd into another containing a small quantity of 
alkatie, the two colours will foe changed, as if t>y 
magic, the gre^n will instantly becoliie red, and the 

Can you produce a cohnttd Jliiid by the thit- 
inre of' two colourless ones. 

Very easily, if I take a weak and coiouHess Fohi- 
lionof nilrale of copper, and pour into it a few drops 
of liquid ammonia, or hartshorn, which is likewise 
colourless, the misliire will immediacy appear 
of a beaulKul bitie colour, which colour may after- 
M-ards be coittplewly destroyed, and the fluid ren- 
dered white again, by only pouring a small qnaWity 
of sulphuric acid (oil of vitriol) into it; in fliis last 
experiment a cHri*)Us phenomenon tokes place, fhe 
sulplmric acid, being hen^ ier llian the Hqtior, sitlTiB 
to tlie bottom of the glass, and destroys the colour 
l/icre, while the upper part retains its bhie cofoirr ; 
but if the whole is shaken togetirer, alt the colour 
disnppears. 

It teas stated that a change ofjhtids to solids, 
and of solids to fluids, might fie produced by the 
poa-er of chemical affinity/. 

This may be shewn by rubbing in a stone mortar 
nitrate of ammonia and sulphate of soda, or Glauber's 
salt, both of which will soon lose their solid form, 
and become perfectly fiiiid ; on the other hand, if a 
transparent saturated solution of sulphate of mag' 
nesta (Epsom salt) he poured into ii\'9r vJ^Sow <& 
H 
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caustic potass, the mixture will imm^iately become 
almost solid; or if a saturated soltUioa of carbonate 
of potass and one of muriate of liuie, be shakea 
together for one or two seconds, a still more solid 
substance will be produced. 

Are there not instances of solid 4Ulf stances formed 
by the union of two gases? 

Yes> if muriatic acid gas, and ammoniacal gas 

are mis^ed^ the product will be the solid substance 

called muriate of ammonia^-.or sal ammoniac. 

. ,,This is undoulftedfy a most curious experiment, 

butisiheranot somcdifficidty i» procuring these 

.gusesf 

I. I^.is tr^e they are both rapidly absorbed by water, 

..and therefore it is impossible to collect them in any 

. eoQsic^rable quantity^ without a trough filled with 

mercury instead of water; but a quantity of each^ 

sufficient to shew the experiment^ may be obtained 

in a very siipple and expeditious way: if you take 

two dry wide mouthed vials, and rince them out, 

the one with liquid ammonia, and the other with 

muriatic acid, on gently heating them, a sufficient 

quantity of both gases will be raised to fill the 

bottles, when they may be corked* upy and kept for 

some time, if not immediately wauM; on taking 

/(i^i^t the corks^ and inverting the one ov^r the mouth 

,.of :the other, dense white clouds jwill immediately 

. appear, aud fall down to the bpt.tom of the vial 

jwdfpcaeath; tbb is the salt in question. 
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1 

It wa% observed thai there were instantes of mild 
substances becoining corrosive y and the coutrdri/, by 
chemical action. 

Instances of this nature are numerous^ some of 
the most . remarkable are these; if dried sulphate 
of iron, or green vitriol (sometimes falsely called- 
copperas) be ground in a mortar^ nvith an equal 
quantity of nitre^ and put. into a retort^ the nitrous, 
acid, or aqua fortis, will^ 6n the application of a 
lamp, be distilled from it^ nbich is a very corrosiv$ 
fluid, though the two solids which produced it were^: 
perfectly mild; the formaUon of the sulphuric and . 
muriatic acids, whigh will hereafter be described* . 
likewise afford instances of corrosive, substances: 
produced from mild ones : on thie other hapd, if half 
an ounce of sulphuric, acid .(oil of vitriol) be poured 
on an ounce of pota9s in sqlution, tliough the alkalie- 
and acid are. both corrosive, yet a mild salt \^ill 'by^ 
the* produce of the mixture; or if oq one ounce of., 
caustic soda, be pouted un oiiiKe of {linriuiic ^cid,.; 
(9pirit of salt), the produre o-' iji^jie e: y c rrosive* 
substances will be muriate ot boua"^ i.tv. \s liic •juia-, 
mon salt used at our tables. 

Has it not be^n held as an. axiom iha/; it 2.« 
necessary for the chemical action of' bodies on each, 
other, that one of them, should be in a &\x\dstat^J . 

It has, and there, is a striking experiment which v 
is usually brought forward in proof of it; if dry 
powdered nitrate of copper be wrapped up closely 
in H piece of tin foil, no effect ioWovua, \i>iX M>^.\ife* 
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moistened by a few drops of water, and thtn foltlerf 
up, a violent etl'ervesceace will lake place, sparks 
uf lire will be tlirown out, aiid sometimes the tin 
toil will be wholly inAamed. 

In Hiscribing the process used for distilling 
at trots acid, the application o/'heat was mettUoiitd; 
in what respects is heat connected A'ilh chemical 
qffinili/, and in what manner does iC promote the 
composition or decomposition of bodies'* 

II iDUBt be recollected thiit tlie particles of all 
bodies, when simple or compound, are held togeilier 
by some bond of union; if a conipoiiitd, by the 
affinity of its component paita for each other; if a 
simple body, by what is called the atirnction of 
uggregatioo, which in many cases (as the metals for 
instance) is exceedingly s-trong ; now caloric, by ex- 
panding all bodies, that is, by forcing their particles 
farther asunder, tretikens or destroys the original 
compact, and thus prepares the way IW new 
associations; hence, several bodies which have no 
tendency to combine at a low temperature, will 
readily combine when heated. 

Can ifou produce an instance of' IMS'? 

Tile re is a very curious experiment whitli will 
prove it ; iF a piece of iron and a roll of sulphur be 
brought into contact, they do not, at the comnuin 
temperature of the atmosphere, discover the leint 
affinity; it' ihe iron be heated to redness, the sulpliur 
»J//beJnHanicd,andM\ in drops to the ground; 
biifiia ttuion wJU take plnce uti\«as i\ie"ixf)'ci'w\)w\),^A 
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to awhiit heat, then if the sulphur is pressed against . 
it^ very striking ^ppaaifances immediately follow, ^ 
copious apd brilliant sparl^ are thrown off in every 
direction, die iron dissolves like wsql before the fire, 
and the two substances, unite ivith almost incredible . 
rapidity, forming a new one called sulpburet of iron^^ 
a substafice which. possesses none of the properties 
of those from which it was formed. 

Are there not instances oftjxg ^$ubstancf;s^ which 
have no natural affinity for each other, heirjtg,^ 
made to combine by means of a third substancef . . 

Yes, the; manufacture of soap, furnishes an-iustanee 
of this nature, in which .water and oil, or water and . 
tallow,; are made to combine^ through the medium 
of an alkalie; to form perfect soap requires an, 
operation of some length, but the nature of this kind 
of combination m^y .be easily cxempjified-; ifj 
water. and oil be shaken t9getber, they will, as. hs0» . 
been observed, separate. from each other on being;,, 
suffered to rest; but if to these, a solution of pota.si|^ 
or soda be added, and tlie whole he now shakcjp, 
they will combine, and a fluid soap will be formed:. 
in the manufacture of hard soap tallow is used, and 
oil in that of soft soap. 

J$ this the only instance of combinations form^ed : 
on this principle ? 

By no means ; the dyers are indebted to it in no 
small degree ; they have often occasion to make u«e 
of colours that will not strike, as the workmen ^ 

H3 
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phrase i(, that is, there U no offinitif belween ihlt' 
colouring matier, and the material intended to be 
co/ourfd; in this case they employ certain arlicles, 
(one of the principal of which is alluni) which they 
call mordantn, and which have the same properties 
in fljiiig, as the alkalies in soap-msking, they unite 
the cotouFing substance vitb the material lo be 
djed. 

/* not an acquaintance with tht laws ofckemiioi 
affinity of great tue in the analyait of mineral 
uatert? 

The whole art of analysis, and especially that in 
quesiionj entirely depends on it. 

Is that of mineral uaters attended rcith dif- 

Not in the present state of chemical knowledge; 
Chemists being acqaainte^d with all the siibstixices 
uhich water is capable of holding in solution, and 
with the affinities of those substances for others, the 
analysis becomes easy. 

Can 1/ou produce some instances, as speeimefts of 
these trtily carious operatiomf 

Very easily; among the various substances held ii» 
solution by water, the sulphuric and niuristic acids 
frequently occur; (he water of theTlianies and other 
rivers, C(jmn)unicating directlif with the sea, gener- 
ally, for obvious reasons, contain the latter; nowr 
muriatic acid has a strong affinity for silver, if there- 
fore a glass be Slkd with tbe water to be tried, and 
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*»fcw drops of nitrate of silver, or a transparent 
solution of silver in nitrous acid, be put in, the acid 
<Aill unit« with tlie silver, and form muriate of silver, 
uhkli] not being Holuble in water, will appear in 
the form of a white cloud, more or less dense, ac- 
cording to die quantity of acid in tlie water. 

Bi/ what means car* tlie sul{»huric acid be 
dticcted? 

The sulphuric acid liaving a stronger affinity for 
the heavy earth called barjtes, than fox any other 
known {substance, you have ooly to substitute the 
nitrate of barytes for nitrate of silver, aud, if the 
water contains sulphuric acid, a white cloud wilt 
appear, and fall to the bottom of tbe glass. 

Art not metallic mbitances sometimes held in 
solution f>y wattr'f 

Yes, and they may be detected in a similar man- 
ner; iron, for instance, is known to have a very 
strong aflinity for the gallic acid, « ith which it forms 
ink; if therefore a solutimi of nut galls in water be 
put into any water containing iron, the water will be- 
come of a black colour, more or less strong, accord- 
ing to the quantity of iron in the water, and the 
strength of the solution employed. 

h tbii all tfial is nectssarif to the making of 
ink'i 

No, the iron being so much heavier than the 
water, would in a very short time sink to the bottom, 
aad leave tlie w«t«r perfectly wl»tfi«3iAU'<fiAV'<£«na.% 
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to prevent wliicli, the makers . of ink employ a 
quantity of gum to. tbickeu' the solution^ a^d thu» 
keep the iron from beiog precipitjated ; but this, 
though it lessens, does not remove the evil^ and the 
best ink \iHl therefore lose its coloury if Jt be not 
frequently shaken. 

Is the acid q/* galls the, only one for tohich iron 
hat a strong affinity? 
. No, tbeiexperiment.inay.be el^aody. varied Jby 
employing; prusi^te of. pQta(i9>.iYist^ad qf a solution 
of gallsy then^ if the water contains uron, ioatead of 
tunning blacky as before^ it will exhibit the beautiful • 
colour of tbe/)rf/ss/an.6/t/e. ■■ \ ■ 

By what means may ; copper bue- detected whin 
held in sobition by mater? - .; 

A very small quantity of this metal 13 sifiSoient to 
tinge a large quantity of Water grem, ortp b.e tasted 
by, the tongue ^ but if die; quantity should be toq 
minute to be thub detect^t^d^ it mayibeidi^qoi^ered by 
dropping some ammonia (spirita of hartsliom) into, 
the suspected fluid, which wjll^ if it contains cppper, 
be turned to abeauiiiul blue. 

Are those kinds of inks • termed sympathetic 
made on this principU? 

They are; for if any thing be .written with a solu- 
tion of sulphate of iron (<^reen vitriol) in water, it . 
will when dried bq perfectly invisible; let twp papers 
be written with tbis^ and let one be washed by ^ 
feather dipped in a solution oi galls^ and \)^% 
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wriling will immediate)]^ become lilack, let l)ie 
otiier be washed with pruuiiale of potass, and it 
becomes blue. 

Since the knowledge of the etffinUki uf chemical 
agents is to important, bj/ what means may it be 
most easily obtaintdi 

'I'licre are tables, the result of much and laborious 
research, called tables of ojj'iuittf, which eveiy 
student should consult, and which are to bs met 
with in almost every chemical bouk; by the bare 
inspection of these, all the aflitiities of di&'ereat 
bodies will be easily understood. 

Have not Chemists two different ways of ascer- 
taining the composition of bodies'^ 

Yes ; the one is called Analysis the other SyntheBis. 

Ifhai is the meaning of these termsf 

By analysis. Chemists mean the taking any thing 
to pieces; and by synthesis, the putting it together; 
thus water is proved to consist of hydrogen and 
oxygen, because it can be separated into those twa 
component parts, and no more; tliis is called the 
analytic proof, or the proof by analysis, and witea 
these two substances are combined, they invariably 
produce water, and hence arises what is termed the 
synthetic proof, or proof by synthesis; when both 
these metliods agree, their combined proofs may be 
considered as decisive. 

Recapitulate trhat has been said on the laws al- 
chemical affinity. 
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First, It does not exist between all bodies. 
Siecondly. It .is not always of the same force where 
it does exists being in some cases very strongs and 
111 others equally weak^ Thirdly^ It is necessary, 
in order to the exertion of its influence, that one of 
the bodies should be in a Jluid ata%e« Fourthly. 
Its action is influenced by ihe tempiejcature of the / 
bodies on which it acts; and lastly^ bodies which 
have no natural affinity^ tnay.be. brought into a state 
of intimate union^: l^y the.: interposition of other 
bodies. 
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CHA?. vm, 

ON ATMOSPHERiC AIR, AND OTHER 

GASES. 



JjLAVING examined the simple bodies, and con* 
sifiered the laws of chemical offinity, we may now 
proceed in the application of those laws to com- 
pound bodies: and among these scarcely any can 
be more interesting than the air we breathe, and 
which is usually, in philosophical language, termed 
atmospheric air, to distinguish it from other airs or 
gases, is not (his a coqipound i 

It was one of the four elements^ or simple bodies^ 
of the ancient chemists, but it is now proved to be a 
compound^ and made up of two airs or gases^ oxy^ 
gen and nitrogen, with a very Small proportion (one 
hundredth part) of carbonic acid gas, which latter 
however is not essential to its composition but is ra- 
ther accidentally mixed with it. 

In what proportion are the tie j other gases com- 
hined in it^/ , 

There are ahou^ 77 parts of nitrogen> to 22 of 
oxygen^ in every hundred parts of atmospheric; 
air. 
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What part does the oxygen gas act in this com* 
posit ion'if 

It is the oxygen gas as has been stated^ which 
gives to air when breathed, the power of supporting 
animal life BS well as Jlame, without its presence 
anitnnls could not live, and a candle would be im* 
mediately extinguished; as the remaining part, viz* 
nitrogen willnot support either flame or animal life, 
but is equally fatal to both. 

How is this proved ? 

Very easily ; thus, let a glass tumbler be fifled 
with water and then inverted with its thouth tindel* 
the water, then if any person, by means of a befit 
tube introduced undek* it, breathe into the tutnMef, 
(he air estpelled from the lungs will displace tfaiB 
water, and the tumbler will appear empty, thongh 
in reality filled with air froni the lur^s; let the 
mouth of the tumbler be closed while under tte 
water by a sadcer, or any other contrivance, and 
when taken out be placed in its usual position ; if 
the cover be now removed and a lighted wax tupf/t 
be put in, it will be immediately extiiigtitisfaed. 

To ensure fhe success of this exptrirfttnt, is it 
not necessary to keep the air wome time in the Imtgs 
before it is breatlied into the tun/ibler ^ 

Yes, Yor otherwise but little of theoRygettHliich. 
the air contained before breathing, will te abu 
sorbed. Tliis is proved by the re-kkidliRg ii vatidle 
immediately after it has been \Aotm olit, as it is lkk(t 
oxygen remaining in the air we have breathed whyell 
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re<kindle9 tiie flanie. The properties of these airs 
relative to the support of coaibustioD, may be very 

prettily illustrated by the following- experiments ; 

provide three glasses, let the first remain^ as na- 
turally^ filled with common air, let the second be 
filled with nitrogen ^^as by bieathii^ the air from tim 
lungs as before, let the third glass be filled with 
oxygen gas. The first glass may be left, open at the 
top, but the two odiers must be covered till the; 
moment of the experinient, with au^ thing JUtit, as « 
piece of ^ass for lostaiioe, to prevent the utmospbe^ 
lie air from mixing with those in tlie glasses,; let a 
small candle or wax taper be liglited, and btimt till 
the wick on blowing out the flame remains red; if 
uow the lighted taper be pkmged into the first giasM 
no efiiKt will be produced^i the taper will burn as in 
the open air, plunge the taper into the second and 
the flame will be immediately txtinguUhtdf take it 
out quickly while the wick is red, and on plunging it 
unto the third gbss the flame will be re-kindled in 
the prettiest manner that can be conceircd; this 
experiment may be repeated three or fpur tifoes 
without ne«9 filling the glasses. 
- Sinct the air app€ar$ to It indtbied to tbe^ oxy^ 
gtJi it contaimfor its important property of iup^ 
porting Jhmc mmd animal life, would not those pfir^ 
pous be more effectually anttztrtd if the mtrogeo 
ir^re wholly taken away? 

This b only one of minierous iBStaaces, ia which 

I 
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il may appear lo a supetticial observefj tlirit tlie h'T"" 
rangemeiUs ol'lhe Creator niiglit admit ofiliiprovc- 
ment, but it is not a verj easy laak to amend his 
plan ; if the nitrogen were tuken aM'ay and nothing 
but pure oxygen gas remained in the almuspiiere, 
our candles would iadeed burn much brighter than 
at present, for ihey would bum with a splendour 
which the eye could not long endure, ihey would 
not enlighten but blind us, und they would hardly 
be kindled before they n oiild be burnt out ; animals 
too would breuthe most deliglnfully for a short 
time, but that delicate machine the lungs would pre- 
sently be worn out, and the now short period of hu~ 
man life be rendered mucli shorter still. 

Nitrogen then answers the purpnse of diluting 
the oxygen, and thereby rendering the alm< tpheric 
air more Jit fof the purposes for which it is in- 
ttJidedf -t*^ 

Yes, besides though it seems merely passive M^l 
these instances, il performs very iiiiportaot (ifticcs iff 
others, it is the basis of a very useful acid, the 
nitrous, as well as one of llie bases of ammonia, aikl 
is supposed to be the agent which the Creator 6 
ploys in " converting vegetables into animal si 
stances." 

Was not nitrogen gas formerly called by anolht 
name? 

Lavoisier who was unacquainted with the fi 
nitrogen being the (jase of the nitrous acid, called it J 
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azot, and its gas azotic gas, ffoip its property, whea 
hrcatUcd uloue, qf depriving aMioiaU of life; ^ut 
this name seeins defective, in not distinguishing it 
from ether gases, as the carbonic, nitrous^ and mu-* 
riatic acid, wfaicb are cqualt^,/;^al to animal life. 

2^he method of prepqriiig oxifgen gas has bun 
alrtadjf giveHy is then any, method ofprq^ariug 
the other constituent par^ of atmospl^cric- air, be- 
mdes that before mentioned '{ . 

Yes, if a quantity of sulphur and iron filings are 
mixed together moiajteatd with water, aiici then put 
under a glass vesse) fi^U of air, it will iu a few dajiS 
absorb all tbe oxygep, aud tiie remainder yiill be 
pure nitrogen gasj or it may be procured more con- 
ireniently by pouriiig very diluted niuous 4icid on a 
piece of muscular (le^h.and appl^'ii^j^aheat. of about 
100 ; a great quantity of aLr is^ emi^ed which is ni»- 
trogen or azotic gas,^aud may be. received in proper 
vessels for experiment* 

Since a small portion of carbonic acid gas enters 
into the compoution of atmospheric air, this seem$ 
to be the pi oper place for enquiring into its nature 
— What then are the properties of carbonic acid 
gasi 

Carbonic acid gas was first discovered by the in- 
geniuus Dr. Black, to whose patient and accurate 
investigation of this compound, both the English and 
Foreign chemists are not a little indebted, having 
found it in z fixed state in lime stotve^ ^vovxw H^VkKc^^^ 

1 ^ 
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he first obtained it^ be gave it the name of Jixed 
ttir ; when its great gravity, Mrhich is to atmospheric 
air fn the proportion of 1500 to 1000 was after* 
'wards discovered, it obtained the name of heavy air 
its component parts not b^ng then known ; it is nov^ 
proved to be composed, as its name implies, of car- 
bon and oxygen, joined with caloric, it has been 
ranked by authors, (though incorrectly as we shall 
hereafter see) among the n6n supporters of com^ 
bnstion, and it certainly is not respirable. 

Then the xypinion which formerly obtained of the 
perfect correspondence between the support of com^ 
bustion and thnt q/' animal life, irnot eorrect'f 

No, for though^ k; is certain that fio ghs whiek 
does not contam oxygen can suppoit.either, yet it 
may happen, that certain substances may have suf^ 
ficient affinity fer oxygen to take k from a ga», when 
the Itiiigs of an animal cannot, such is the ease )A 
the present instance, as the fixture consideration of 
the. circumstances attending combustion will fully 
fexplain. 

h the air or gas which has been so often fatai 
to dogs arid other animals^, in the famous Grotto 
del Canna in Italy y of this nature'^- 

Yes, and there is a very curious phenomenon at- 
tending that grotto, for a man may walk in with 
perfect safety, but if his dog should follow him the 
poor animal would suffer death. 

T0 what is this oxing ? 
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The supei^.or weight of this gas,, as before men- 
tioued, ke^ps it near the ground, so that unless it is 
if) sufficient quantity tp fill the cave^ the upper part^ 
M'bich b filled. with the common air of the atmos- 
phere is harmless^ . \\h)lo the lower part where the 
carbonic acid, gas is, prpv^ fatal. 

From what materials^ this gai^esctr^cted? 

It is yery.abundfint in nature, it is this gas that is 
formed by burning charcoal, and which has often 
proved injurious and sometimes fatal to the work- 
men in .different manufactories where charcoal is 
burned ; it is likewise extricated from fermenting 
liquors, hence the accidents that have happened in 
cunse<)uence of persons going down into brewers' 
vais where liquors have been fermenting ; and it is 
this very gas that has so often prpved fatal to per-, 
sons descending into deep pits, or cellars, where a* 
quantity of chalky matter has been deposited. 

How is it obtained for experiments 't 

It is usually obtained, from chalk or pounded 
marble, both of which are carbonates of Ume, that 
is, lime in combination with caibonic acid^ by pour- 
ing some diluted sulpliuric acid on the chalk or 
marble in a proper vessel, when the carbonic acid 
gas will be given out abundantly,. and may.be received 
over water for experiment. 

Can its property of extinguishing flame be easily, 
exemplified'^ 

Very easily, for if a tumbler or any glass vessel. b«? 

I 3 
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filled vrhh it in the usaal way^ and a lighted taper 
be 4et down into it, the tiqf^er will be immediately 
eitiiiguished; if -the vestiel be a little agitated, some 
of the gas will fttU over its sides, as water would do, 
and the taper will ihtn bum at the top of the 
vessel, but will be extinguirfied when it reaches the 
lower part where the gas is. 

Since this gas is so much heavier than common 
etir^ trould ii not be possible to pour it from one 
vessel to another^ 

' Yes, this is easily done, if it be not dolie in too 
mtith haste, and accordingly if a lighted '■ taper be 
held in a narrow glass vessel, and another, which 
con^ins this gas, be gradually inverted over it, the 
taper will be extinguished,^ which shews that the 
gas lias been pouredyy*om the first vessel inio that 
which contained the taper, and to furnish still, 
stronger proof, the taper may now be let down into* 
the vessel which before contained the ^as, and it 
will no longer be extingaished, as before, bnt wilt 
bom as in the opeti air. 

These experiments are certainly highly interest- 
ing, and would be more so if it were possible to 
render the gas visible: 

I 

This may be accomplished by throwing a piece 
of lighted brown paper, or any other smoakin^ sub- 
stance, into the gas, which will now attract the 
smoke, and by that means its height in the vessd, 
^ iodttlatory motioii wfaien the vessel is agitated, its 
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escape ovet the sidey^ mid fBlIing* to the ground^ and 
ks pouring from one vessel to another^ <wiU be {>er* 
fectly visfble. 

' Since this gat in so fatal to animdh who breathe 
ity does not this prove it to be e^ a tery poisonom 
nature^ 

Not in the least; it is not only ifmoeent, but even 
salutary, wbefi taken iuto the stomach ; but if at- 
tem^^ted to be breathed^ it destroys life, not Hy any 
corrosive or poiMonoug quality, but by^pre^^eiiting the 
atmospheric air from entering the lungs^ m the same 
mantier that Avttter does in drowning, >^'hidi^ never-" 
theless, has no poisonous quality. 
' 2<s there 'not always some of this gas in the air 
that is exhaled from the lungs'^ 

Yes, a portion of it is generated in breathing. 

Sir^ee there is aimays a portion of carbonic acid 
gaf exhaled from the hngsy and since nitrogen^ 
when separated from the oxygen with mhiehii 4$ 
eombified in atmospheric air, is of a deleteribm 
nature^ must it not follow that the air of raprasi 
or public places, where manif persons are auembled, 
must 'be very vnwhoiesome H 

Not only would crOuded places be imwholesoBie^ 
but considerable inconveoieiice wnnid in all casts 
arise from our being compelled to breathe a second 
time the air we had already inhaled, but the short 
space between the expiration and inspiration,- afforda 
sufficient time for the nitrogen gas^ which is some- 
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the mouthy is to be filled \vith it^ the person tvfao is 
to breathe it must previously empty his lungs^ as far 
as {Sossible, of air, and holding his hostriis, inhale 
the gas from the bladder until it begins to take effect , 
after which no direction is wanting, as the - person 
generally receives it M'ith great avidity, and w'ill not 
suffer the bladder to be taken from his mouth, until 
the operation of the gas begins to decrease : it is 
.worthy of remark, that those who have once breathed 
it, are generally exceedingly desirous of repeating 
the expennlent. 

Dotrs it appear that any ill comequenees hart 
tvtr arisen from it f 

JSoybn' the contrary, tbpse who have been most 
power&illy aifected, when the effects have subsided, 
(las they gradually do aft^r tv(K> of three minutes,) have 
declared that it leaves a pleasing kind of disposition 
•to action, which is not followed by any kngour or 
debility. 

Was not Mr: Ddiy ike Jirst person who ventured 
4o breathe i/'/^- • «■ • 

^Yes, and he has since beenin the habit of inhaling 
it very frequently, without, the least ill effect* 

h there not a gas in which combustibles takejire 
spontaneously? 

Yes; it is properly called hyper osygefitTTed 
mtiriatic acid gas, but the frightftd length of this 
name has occasioned its reduction to oxu muriatic; 
it is usually prepared by distillation from eight 
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ounces of imiriatic acid^ aod fqur of msiDganese^ or 
eight ounces of common salty three of manganese^ 
and -four of .vitriolic acid, diluted with an equal 
quantity of water^ using a glass retort^ and when the 
gas slackens applying the heat of a lamp; it may be 
collected over water like die o|her gases, but as it is 
of a very suffocating, nature^ care must be taken that 
little or none of it escapes; so as to be taken into the 
lungs. 

Ifj notmt/istandhig all possible care, some of 
the gas should escape, what is to be dune to prevefit 
its bad effects ? 

This is certainly liable .to happen; in this case 
the operator must use all practicable precaution, 
such as keeping as far as possible from tiie appa- ^ 
ratus, or holding his breath when he approaches it; 
but when it is known to have escaped into the air 
of the room, its deleterious effects may be pre- 
vented, and itself indeed neutral/ized, by letting 
some ammoniacal gas into the room, or even by 
sprinkling some liquid ammonia in the air. 

Describe the properties of this gas. 

Its effects in bleaching are very powerful, as may 
be shewn by exposing coloured linen to its action, 
for if a piece of almost any coloured linen be put 
into a jar of this gas, the colour will in a very short 
time disappear, and the linen be rendered* perfectly 
white; ink spots, and the stains of fruit, red wine^ 
ftLc. mi^ in like manner be discharged by it. 
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How may the power of this gas in producivg 
spontaneous cooibustion he zhewn^i 

Von have only to throw the Gombnstible into a 
jar filled with this gas^ and it will immediatefy take 
Jire, without previously heating; if a leaf of dutch 
gold be thrown into it^ it bums in, an iBstant, or if 
powdered antimony is sprinkled into it^ it exhibits* 
tlic beautiful appearance of a shower of fire; other 
metals may be burnt in it, but it is necessary they 
should be in thin leaves, or else in powder or 
filings. 
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CHAP. IX. 
ON WATER. 



JLN the enumeration of simple bodies it zta^ 
observed f that water, though by the anciefU Che- 
mists con&idcrtd at simple, was now proved to be 
conipound — What then are the materiabtkat enter 
into its composition'^ 

Water is composed of oxygen and hydrogen y in 
the proportion of 85 parts of the former to 15 of 
the latter in every 100 parts of water. 

liy what means is the composition of water 
ascertained^ 

Both by analysis and synthesis; it was stated, in 
describing the means by which hydrogen gas is 
formed, that if iron or zinc filings be put into diluted 
sulphuric acid. Ay Jrogen gas will be set at liberty ; 
there is here a real decomposition of the water; its 
oyxgen combines with the metal, while the hydrogen 
is consequently liberated, and united to caloric, in 
the form of gas ; if this experiment is made in a vial^ 
and a cork with a piece of tobacco-pipe is Jfitted 
air tight into it, the gas, as it issues from the vial, 
may be set on fire, and will contiane to bum as long 
as any gas rises; this has been edUod tke jp^tVoso. 
phieal candle. 

K 
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Cannot water be decomposed^ so as to shew its 
composition, without the use of sulphuric acid? 

Yes^ if it be made to pHM, mthe state of vapour or 
fiteam^ through a red hoi tube in which some iron 
filings are ^placed ; the iron^ as in the last experiment, 
will seize the oxygen, tha^bydrogen gas will come over, 
and may be burned as in other cases. Lavoisier 
was one of the first -vi'homBcertaiiied the compositiMi 
of water by a |M:ocesB siimlar to this, bat instead of 
iron filingi^ be usttdcfaarooal, the consequence was 
that though the water was decomposed^ by the 
charcoal taking away its oxygen, yet the gas given 
out was Wit hydrogen, h^xtcarbotiic acid gas, being 
con^pQsed ef oxygen and carl>0B« 

These experiments certainly prove that hydrogen 
is tme iff the component parts of water, hut as for 
the existence of oxygen, especially in 9a large a 
proportion as that which has been stated, does it 
.not seem to bt rather in these cases taken for 
graiTtUd^^ihanfairiyprovidt 

•By no neani,:lbr if the luetal be examined after 
ihe experiment, it mSi be^foond that its weight k t n- 
creaaedy itt Borifice jcorroded, and no longer tnetettic ; 
it is in i&d an oxyi^ and if a sbfficient quantity could 
be coUeoted,>piitMlo la relorit, and exposed to a red 
iieat, axyg/tn ga$ might be obtained from it, as it 
iww usttaUy i» from the ruft or oxyd of manganese; 
Init as oxygen Xfhmk^&KdiiteapieB so much smaller 
fKpSLce, tfaMi wImii combined wi^ faydrogen in njluid 
0tate^ it cannot be expected that any eoftsiderabk 
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quaniilif thouiU be fousd in c#aibiiwtioi» widi lb» 
metal. 

Hqw is tht. compoiitioB of water proved by 
fjDthesb? 

If the two gaffes aire mixed togielliier io the propor- 
tion before i»€ated| a«d an ekctric spark passed 
through them> they will entirely disappear^ and no-* 
thing but a amall quaaitHy of water will remaia iai 
the vessel. 

^s ihU txptritfunt mutt ntctssarily require some 
nicety f and a camplicaUd apparaiasp cannot the 
fact be proved in a^ easier wayf 

Yea» if any glass vessel be held over the flame of 
hydrogen gas, the hydrogen will.combiney as in all 
the usual cases of combustion, with the oxygen of 
the atmosphere, and water will he formed, whick 
will appeal on, and trickle down, the sides of the 
▼essel. If a glass tube of not less than an ioeb 
diameter, and about two foot loi^, be used,, tbere 
will not only be water Conned on iU sides, but a 
very singular sound will accompany the phenomena^ 
somewhat resemblii^ (though less soft) thai pro^ 
duced by tlie oeolian harp. 

Has hydrogen any other remarkable propertied 
besides titat of forming water by its union with 
oxygen f 

Yes, in the state of gas it has the property, as be- 
fore observed, of dissolving and holding in solution 
several substances, as sulphur, charcoal, phosphoma^ 
with which it forms sulphurated, carbonated, and 
phosphorated hydrogen gas, the VaXVec o( ^vVvvO^X^ vi^ 






exceedingly in dam in able, that it takes fire liie ins 
il cotnea into contact with the air. 

lU formation then must J'tiriiUh a very evrtONS 
tjpervnfiit, how it it produced f 

By putting a piece of phosphonis into a. small 
retort, nearly billed with a strong solution of pure 
caustic potass, and immersing the beak of the reioit 
under water; if the heal of a lamp be now npphed, 
uud the solution be made to boil, bubbles of phos- 
phorated hydrogen gas will be evolved, which nill 
take fire the instant they reach the surface of the 
water, and, if the air of the room be tolerably btill, 
curioutt coronets of smoke will be formed by the 
bursting of the bubbles, 

fVkal is the comparative gravity of hydrogrn 
gatf 

It is about thirteen times lighter than common^ 

Ifoji' can tins be proved ? '"^^4 

To ascertain prerisf/31 the gravity of ihis or rtl^ ' 
other gas, requires much attention, and a sery deli- 
cate apparatus ; but that hydrogen is caiisidcrtib/i/ 
lighter than common air may be very easily proved 
hi several ways; for instance, if to 11 bladdir cnn- 
laining some hydrogen gas, a common lobutco-pipe 
be aUache<l, and soap bubbles be blown, lliey will, 
when detached from llie pipe, be seen to rise rapidly 
in the air, and break Hgainst the ceiling of the room ^ 
if a candle be held i» them while rising, ihey will 
lake tire and burst; it is on account of ll:e /ig/j/ttcta 
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of this gas, ihat it has been emplo^fed for the pmw 
pose of filling air balloons. 

When ii is Jired, is its inflammation attended* 
with explosion ? . / 

' Not unless it be mixed with oxjgei}> or anj gas- 
containing oxygen> (as atmospheric air); but i£ 
bubbles be blown, by means of a bladder containing: 
a mixture of the twa gases, io the proportion of 
about one part of oxygen to two of hydrog^^ they; 
will, OB setting fire to them, explode; if a ntiniber 
of bubbles are. formed together^ by Jmmersiiig. the 
pipe in soap-suds in a bason, the report yviU be very 
loud. 

. In stating the proportions of omfgen end hydro^ 
gen in water, it was said that 85 parts qf the 
former were confined mUh 15 only of. the, latter,, 
how is it them that in mixing the two gases, the^ 
proprotions are reversed, and oxygen, instead o^ 
being in the large proportion of near six tQ one, 
is reduced to- only one half the quantity of thei < 
hydrogen% 

The proportions of the two substances ia water 
were stated by weighty but when speaking of the . 
' mixture of the two bodies in the ats^te ofgas^ the: 
bulk only was regarded; the volume or bulk of a.gaa^ 
depends, not on the quantity of the origiaal matter 
"^hich it contains, but on the quantity .of caloric 
combined witb it; caloric is an imponderable sub*- 
atance, and consequently the more of this aiiy othen. 
svfastance requires to bring it to a gaseous state^ 

K3 



the iigliter will the gaH be; oxygen gas la rather '^ 
heiivier ihiin ;itiiia^pheric ^Ir, Ijut hydrogen gn^, it 
will be recollected, U twelve or ihtrieun times 
lighlLr. 

jJjT oxygen and hi/drogen cnpat/h of uniling, 
as is the case in other instances, in dijf'trtnt pro- 
portions '^ 

No, for though oxygen will unite with nitrogen 
and several other bodies in different proportions, yet 
with bifdrogen it will combine only in one and 
water is always llie product of their union. 

In speaking of oxifgcn , it ri-as stated to be the 
general principle o/" acidity; now as acids owe their 
corrosive nature to the ojygen they contain, dots 
it rtot seem to follow that water, which contains so 
large a portion of oxygen, even greater than that 
of nitrous acid, should be a very corrosive Jitiid, 
instead of a mild and tustele&s one'f 

It must be recollected that, as in the case oi heal, 
bodies appear hot, ttnd actually heat us, not in pro- 
portion to the caloric they contain, but In propor- 
tion to that which they impart; so the acid^ are 
corrosive, not because they contain, but because 
they give out, oxygen; water would indeed be a 
most dreadful poison, instead of a salutary beverage, 
had not the Almighty bound its ingredients logeUier 
by a force not caiiily broken; die affinity of oxygen 
for hydrogen, wiih which it is combined in water, 
is much greater than its affinity for nitrogen, which 
it is united to in nitroas acid; atid hence it is that 
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the former is not- corrosive^ though containing so 
lui-ge a portion of oxygen^ while the latter^ though 
couUining le38^ is most dreadfully so. 

It a?as stated f uheu speakingof the properties of 
caloric, that it$ most general effect is the expan- 
sion oJ.mU bodies into ulii^h it enters— ^1$ noi 
water xery much expanded when raised into 
steam:? 

Yes^.it occupies no less thaih 1(200 times th«L 
space >rhicb it filled! when in its fluid state^ or below 
the temperature of 212 degrees. 

Is not watery at a certain temperature, an tx- 
ception to the general rule? 

Yes, water furnishes a very remarkable, and very 
mierdful ex€eption> for though above AQ,\ degrees^ 
it obeys the general liiiw> yet, when cooled below 
that . atiindard^ it obeys no longer^ but expands as it 
cools, and in the solid state of ice, actually occupies 
a larger space than when it was fluid. 

Thi& 14 indeed a wonderful circumstance , but 
how is it proved? 

By the swimming of ice on water, which could 
not happen, unless its ^ specific gravity were 
lessened, or, which is the same thing, its bulk 
increased. 

hVhat would have been the cotisequence of sub- 
jecting water, at all temperatures, to the general 
law? 

The consequence would havb been, that when 
the surface of the water was become ice, instead of 
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presenting^ as it now does^ a kind of barrier between- 
the cold air and the water underneath^ it would have 
sunk to tke bottom, and thus by exposing con- 
tiiiuMy fresh surfaces to the action of the cold air^ 
our rivers would soon have become totally solid^ our 
fish must have died, and a very considerable time 
must have elapsed before the waters so frozen could 
have been thawed; perhaps the whole heat of oiu^ 
summers would not have been sufficient t^ have 
effected it — What an admirable contrivance of divine 
Providence is this exception from an otherwise 
general law of nature. 

Have not some interesting erperiments^been made 
on this singular property in water f 

Yes, iron shells and cannon have been filled witk 
water and closed up, and afterwards expo^ to » 
degree of cold sufficient to fireete the water, and s<^ 
astonishing has the force been found, with which it 
expands in the act of freeting, that it has invariably^ 
bnrat its strong inclosures, nor doea if appear that 
any fnrce is capable of confining^^itr 
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CHAP. X. 
ON ACIDS. 



fyffA T are tke eharacterutiet of an Acid f 

The first property by which acids are disdn^ished 
from other bodies, namely, their -four taste, isuniver- 
sally known ; their second property is the changing 
vegetable blue colours to red^ it has been already 
stated, tbmt the alkalin also are known by their effects 
on vegetable colours, but the same blue which aa 
alkalie would turn to green, is by an acid changed 
to red, and thus the presence of either of these 
bodies in any solution may be easily detected ; the 
common purple paper, such as sugar loaves are 
wrapped in, will answer very well for common 
purposes, it turns red with mo6t of the acids, and 
though the alkalies do not change it to gteen, yet 
they destroy the red colour given by the acid, and 
restore the purple colour; hut one of the best tests, 
because tlie most delicate, is obtained by p<»uriog ^ 
boiling water on red cabbage, tliiit, as we have seen, 
when coiLsideritis the effects of chemical afTiiiitv, 
will be turned by an alkalie into a beautiful green, 
vhtle ail acid will chancre it to a li\( Iv red. 
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Is there not another property by which acids 
are known? 

From what has been already said on the properties 
of an alkalie^ it will be inferred that a third property 
of the acids is. their effervescing with alkaline sub- 
]Btances, for whenever an alkalie is put into an acid 
solution, a visible commotion ensues^ a hissing 
noise is heard^ and uiua«foii8. .bubbles rise to the 
surface of the fluids and when all is quiet^ if the 
alkalie and acid hare been properly proportioncdf 
lit will be found, that the Iwa oppooite substances 
have neutrallised each . etberi and ,tbe * solndpa is 
neither alkalhie or acid;- this fact may be easily 
fficeniplified by tinging aomt inrater (not leas than 
^ ihree or four ounces) with any of the vegetable bluez 
before mentsoned^ add some solution of potiMS, and 
k will be green^ indicating the presence dfaaidkalie^ 
but by cautiously dropping ia any diluted acid^ the 
green colour n>ay be >made ta disappear, and the 
original colour be restored, because the -alkalie ia 
ibe solution is saturated by the' acid, that is to jsay. 
Its alkaline property is destro}ed, and it therefore 
no longer effects the colour: the counter part of thid 
experiment may be shewn by first tinging the solu- 
tion red by an acid, and then destroying that red, and 
restoring the original blue by dropping in by slow 
degrees a weak solution of an alkalie; thus proving 
that the alkalies and acids mutualW act on. and 
destroy each other: such are the marks laid down 
for asctrtaining when any substance is of an acid 
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nature^ or contains any acid^ but it must be ob- 
scfvedy that all the bodies of this class 'do not possess 
all these qualities in an equal degree^ and in some 
cases there isr a deficieucj of at least one of them. 

It was stated, that 'one of the properties of an 
acid is to change the vegetable blues to red, then 
it is only the blue eoldurs which are produced from 
vegetables that are s(f changed — can you exemplify 
this by experiment'^ 

Yes, if some tincture of litmus, or infusion of 
red cabbage, be put into one glass, and ^ome of the 
blue liquor produced, as before mentioned, by 
dropping ammonia into a solution of nitrate of 
copper, be put into the other, very different effects 
will follow on dropping a little muriatic or any 
acid into each, for the vegetable colour will be 
turned red, but the metallic one will be totally 
de&tr(nfed» 

How many acids are there? 

The acids, at present known, amount to abont 
thirty, but when it is considered^ that though there 
is but one acidifying principle, yet that one is 
capable of combining with a variety of substances^ 
both simple and compound, so as to form a sub- 
stance which may exhibit at least some acid pro- 
perties, it is therefore impossible to say to what 
esctent the list of acids may hereafter be carried : 
perplexed, however, as this branch of chemistry 
may at first sight appear, there is at least this con* 
solation^ that if an acquaintance with all the acids 
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is a matter of some difficulty^ it is happily, to the 
youog Chemist, a matter of no great importance; 
it is in fact with the acids, as with the metals and 
earths, some of them are mere play-tliings, and 
others. are only used as tests, or re-agents, as they are 
called, to determine the nature of. otlier substances, 
and that perhaps only in a single instance. 

What then are the principal acids? 

The principal acids dre the Sulphuric, Nitric, 
Muriatic, Acetous, Carbonic, Fluoric, Prussic, anpi , 
Phosphoric. f..,j 

How is the Sulphuric acid niade^f ii^.V ■^' :i 

It was formerly distilled from sulphate of irO!i,\^5' 
which being called green vitriol^ and the acid drawn 
from it being a very heavy Auid, was absurdly called 
oil of vitriol; the manufactories where sulphuric 
acid is made, are still called vitriol works; but it is 
DOW made by burning sulphur in a leaden chamber, 
in which water is contained, the acid vapour as it 
arises is absorbed by, and condensed in, the water, 
which is rendered acid by it, and being afterwards 
concentrated by boiling, forms sulphuric acid; a 
certain quantity of nitre, in the first instance, is 
added to the sulphur, for the purpose of furnishing 
more oxygen than the air of the cliamber would 
yield. 

What are the principal properties of this acid? 
• It is naturally colourless, but if any carbonacious, 
or combustible, matter, as a cork, or piece of wood 
or paper, comGS into contact with it, it become 
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dfiik coIcNiredy though without mjury to its pro- 
perties; it has no smell, but is highly corrosive; if a 
drop of ity especially when diluted^ fall on Hnen or 
woollen cloths^ it almost immediately makes a hole; 
it has the striking property of elevating : the terd- 
perature.of water very considerably, wbfcn^wrfrffwiy. 
mix^ with it ; four parts (by weight) of this acitf^ 
mixed with one of water^ will produce a* heat cfqlitt! 
to :300 degrees, which is 88 above Joift'wg Water, 
and if' a YAih glass* tube containing w^terbe ittil- 
mersed in it, the water will be seen id hoi); . 
n hat are its principal combinatiom'f ' * 

It acts very powerfully on some of the* m^tnls; 
with iron, which in a diluted state it i-apidly dfs- 
solves, it forms the green salt vulgarly called cop* 
peras, but properly sulphate of ii*on; it acts 
likewise as powerfully on zinc, and wkh'lt^ {b)rmn 
sulphate of zinc, which has been, ridiculously 
enough, called white copperas; in common with' 
the other acids, it unites with the dikahes aiid aiki* 
line substances,* formmg, according to the subsiauces 
it unites with, sulphate of soda, 'or Glauber's salt,* 
sulphate of lime, or plaster of Paris, sulphate of 
vtagnesia, or Epsom salts, &c. 

Does sulphur combine with oxygen in dtff^efcnt 
proportions? ? ; . : 

Yes, with a less proportion of oxygen than is 
reqaired for the formation of sulphortV, icfotmi 
what, in the new nomenclature, is termed suiplmrd^k^ 
acid. .. 
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]}o the iiCQ acids difftr in mujf oikir n^cit 
tiun the degrteg ^Urtngih or acidkyf 
.. .Yes, coBtmry to whfti wooU bave bees supposed, 
dieir properties are differtni; sulphuric acid has do 
smell, solphuraiis has a very suffocating one; sal* 
phuric acid chaises the vegetable blues to red^ but 
the sulphuTi^tff destroys this aod every other colour, 
aud leaves the coloured substance white-j hence, says 
Mr. Parkes, if a red rose be held m the fiimes of a 
brimstoae match, the colour will soon b^n to 
change^ and at length die floV^er will become per- 
fectly white. 

Might not this property of the sulphurous acid 
be applied to the removal of ink and other staiim 
from linen? 

Yesji if the stained part be first moisteoed with 
water, and then held over the fumes, the stain will 
generally disappear, and on this principle it has 
been used for the purpose of whitaaing dilk ; this 
}>leachiDg property appears to have been known as 
early as the daya of Pliny the Naturalist, who men- 
tions its use in .whitening. wooL 

How is the Nitric acid made 9 

It is distilled from nitrate of potaas (salt petre) ; 
a (quantity of this is put into- a retort^ and sulplmric 
acid poured on it; on the application of heat the 
sulphuric acid combines with the potass, forming 
sifiphate, of patass, and the nitric acid being set at 
liberty> in dlitiUad ovei% iii> yeUow vapouiiB> which 
condense in the receiver 



JflTBIC ACIB. 311 

IVhat are. the properties of tins acid? 

Pure nitric iacid ia eoloiirless^ but it genciraliy 
appears of a y€lhm cok»ur, owing to tbe presence 
of nitrous gas^ though the colour varies according' 
to circumstances to a green> or even blue; it is the 
most corrosive of all th^ acida^ has a very pungent 
smell, and if dropped on the skin it stains it of a 
bright yeUow^ which is* not to be removed witil it 
gradually eoedfra^ay, or m new^-^kin is produced; 
it is formed, of tbe very.^instt vtrnteriiffs as atmos- 
pheric air^ but in different proportions, tbe acid 
containing' 75 parts of oxygen, to about 25 ofnitro* 
gen, whereas atmospheric air contains only QQ. parts 
of oxygen, to 77 <»f nitrogen. 

jDoes it H0t act on the, meinhi 

Yes, it acts very powerfaliy on most of Aem, 
emitting during its action copious red fumes ^ wi^i 
copper it forms nitrate of copper ^ the curious pro- 
perty of which has been already mentioned; * with 
silver the lunar caustic, used by the surgeons Id 
destroy proud flesli, See. it has no action, however, 
on gold or* plalina, unless it be mixed with one 
half its weight of inuriatic acid, when it forms what 
is called aqupi regiOf aiid is rendered capable of 
dissolving those metals. ; * 

Is Nitrogen capable of combining with oxygtfi 
in more than one proportion f . . • • . 

Yes, and with a portion somewjiat less than 



112 MURIATIC ACID. 

that which constitutes nitnc acid, it forms nitro(/s 
acid, the properties of which so nearljr resemble 
Ibose of the nitric, that a particular account of 
them is unnecessary. * 
. What is the nature of the Murialic acid? 

This acid never having been decomposed, its base 
is . consequently unknown ; it is obtained from 
^nuriate of soda (common salt) from whence it takc« 
Its name; the process for obtaining it is exactly 
similar to that for preparing niiric acid, but sub- 
stituting the muriate of soda for the nitrate of potass; 
itjrises in the form of gas, but is cbndensed by 
water in the receiver, and forms with it the liquid 
muriatic acid, or spint of salt; if therefore the ga$ 
is intei\ded to be preserved for experiment, it must 
be. received over merctfry, -and preserved in vessels 
perfectly free from moisture. 

JDoiS kot or cold zcatcr absorb it equaUiff 
. . No; i» proportion as the water is heated it ab- 
sorbs lets xif the gas, and at a boiling heat it does 
not absorb any, and consequently when the liquid 
acid is heated, it parts with the gas, and is reduced 
to water ; it was in this way that Dr. Prie&tley first 
obtained it; this gas possesses the property of neu- 
trallizing putrid effluvia, and thus preventing their 
pernicious effects; it is said that the French Chemist 
Morveau, after several means had been tried with- 
out e&ct, succeeded in purifying, by means of 
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tliis gas^ Uie Cathedral of Dijon from putrid exhala- 
tioDKj that had prevailed to such a d^ee^ a;i to oc* 
.casioo the entire desertion of the place. 

Is oxygen capabk of combining with the ban ^ 
the muriatic acid in different proportiom^ «o 44 ta* 
form distinct acid$9 

Yes, the acid caUed oxy-muri'atici already notice^ 
eontain* a greater proportion of oxygea than tb^ 
niiu'iaticj though it can perhaps hardly he said \o h^ 
combined with^ but is .rather ybrce(2 into ij^ in coii- 
sequence of whicb it parts with its AdditioDal 
quantity of oxygen to almost any body that is pr^ 
sented to it^ even light is sufficient to decompose 
it; it is remarkable that the aeid propeities of li^iis; 
compound are iioi increased by the additional oxy-^ 
geakcontninsjoa the. contrary^ ita very a^d tastf 
is completely g(OiM; i^ no longer eorrodct even the 
finest linen; instead of rendering vegetable colours^ 
redy it now totally destroys them, hence its use in 
bleaciiing^ for wtacb purpose it miiy. be used €^er 
in the state of a gas^ or that of a liquid* 

TM method ^' pi^eparing the .gti» having beew 
aireaefy described in speaking of the differefU ganesy 
Is it si^Hneniffar thepufpaae offamniwgJ/kdMiuidi 
acid, that the receiver, as in othep eofes,^ contains/ 
water V * 

No, in this instance also diere it a considerable 
difi«rence between the common muriaticj and the^* 

L.3-. 



114 <XXY-MURkATlC 'ACI]>. ' 

oay-muriatic acid gases; 'the former is so rapidly 
absorbed by yi^ater^ tliat it cannot be collected tmless 
over mercuiy; but^ on the contrary, the latter is so 
sparingly absorbed, that, it is not sufikient that the 
rfecervfer contttins.yvtttet} but the gas miist be made 
to pass through the water; a considerable degree * 
6f pressure must be used, and the fluid agitated as 
fliuch as possible, which requires a peculiar kind of 
apparatus; called Wpulfe's bbtt]es> to be added to 
the first receiver. 

Is this liquid the same with those called bleach- 
ing liquids? 

Not exactly; the best liquid for this purpose is 
made by passing the gas through lime wliter, instead 
of common water; if a written paper be dipped in 
Ihb^ or if the Hauid be washed over it with a feather 
or camel hair pencil, the writing will very sbon 
totally disappear, as will fruit stains^ &c« from 
lineD. 

' Might not this property of the oxy-muriatic 
acid be used, for the purpose of defacing the 
timting of legal instruments, for bad purposes? 

Undoubtedly, but chemistry, while it fomishea 
the means of fraud, furnishes lalso the means of pre«- 
vHitiott> and detection; for if some of the black 
oxyd of manganese, and indigo, be added to the 
common ink, it cannot be taken oiit by the applica- 
tion of acids; and if any wxitiug Aas been taken outy 
it may be restored again, or at least rendered legible. 
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by the application of sulphuret of amnionia, and 
prussiate of potass; 

H'kat is tm nature of the Acetous acid'^ 
Acetous acidy or vinegar^ m'hs probably the first 
acid known; as all fermented ii<|^ors are liable to 
turn sour, if not kept from the action of the air, 
from vi hence they derive that portion of oxygen 
^vbich converts them into vinegar, it must conse- 
quently have been^ known nearly as early as the pro- 
duction of wine, that is as soon as the time of' 
Noah; the nature and properties of this acid are 
familiar to every one ; its uses informing white lead^ 
acetite of iead^ verdigris^ &c. have been already 
noticed^ the common vinegar, however, is not pure, 
being mixed with several substances, but it is easily 
purified by distillation, when it becomes colourless ; 
the acettr acid, thoi^h radically the same with the 
acetot/s, yet possesses some different properties, so 
as to be considered as a distinct acid ; it is distilled 
from verdigris, and is considerably more pungent 
than the acetous. 

What is the nature of the Carbonic acid^ 
Carbonic acid is known to be a compound oi 
carbon and oxygen, and may therefore be formed by. 
the combusdoD of chareoal, but it exists ready 
farmed in chalky marbity &c. and in a solid state; 
the usual' method of obtaining it, and its several 
properties, have been considered when speaking of 
the gases,, it only remains ta observe, that though it 
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is Dot condensed by water, as other gases are, yet 
water may be made^ by piessure and agitation, to 
absorb a portion of it ; glass machines, CMB Iiooth*8^ 
machines, have been constt^icted for this purpose f 
the water thus impregnated has a brisk and slightly 
acidulous taste, resembling the Seltzer water; it is 
to small bubbles of this gas that Champaign and 
some^tber liquors owe their sparkling appearance* 

How is the Fluoric aeid prepared^ 

The sulphuric acid, of so much importance in the 
formation of other acids and their gases, performs 
an important part in the production of this, which 
is obtained* by pouring sulphuric acid on some 
pounded fluate of lime, usuaUy called Derbyshire 
, spar, the sulphuric acid seizes thm Ume, and forms) 
with it sulphate <^ lime, or plaster of Paris,' the 
fluoric acid is disengaged, and rises iu the form o( 
gas, which is, however^ easily absorbed by the wateie 
in the receiver, with which it foraas liquid fluoric 
acicL 

If this acid is capable of corroding glass, as* 
formerly stated, then it cdunot be either prepared 
or kept, as the other acitU usual/y are, im glass 
'oefsels^ 

No, and dierefore leaden ones, which it does nut' 
act on^ are used, both to prepaid it, and to keep it 
when prepared. 

. Might not ^his property be applied to the put^ 
pose rf etchijig on glass 9 
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It maj be used for etching on glass in the same 
manner as nitrous acid^ or aqua fortis, is for etching 
OQ copper; for if a plate of glass be first covered 

over .with melting w;uf^, and the design afterwards 

• 

traced with any pointed iivftrument^ if it be after- 
wards exposed to the action of the ,gas^ or if the 
liquid acid is poured on the plate (which should be 
edged with wax^ to keep it from running off,) the 
whole design will hie very legible when the wax is 
cleared ^way; in tliis way plates of glass have been 
etched^ and impressions taken off, but the difficulty 
of submitting the. glass to the gi*eat degree of pres- 
sure, which is necessary in taking off an impression, 
would alone be an iusurmountible objection to its 
general use. 

J re the effects afthe.Uqnid acid, and those of 
the gas precise hf the same ? 

No, Uie lines formed by the liquid are bright, 
like the other parts of the glass, but those formed 
by the action of the gas are opake. 

IIow^ was the singular property of this acid first 
discovered'^ 

13y. accident, as many other discoveries of fur 
greater importance have bet-n made: Henry Swan- 
hard,- of Nuremberg, first discovered it in tbe ytar 
] r)70, in consequence of having spilt some of the 
acid on his spectacles, tlie glasses of which he found 
vNerc corroded b) it. . 

li'hat is the f tat are of Prussic aciiV^- 
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The Pni8sic acid is the colouring matter of ihc 
beautiful and well known prnssian bht ; it is ab- 
taiaed by exposing bullock's bloody or the horns, &c. 
of animals, to a red heat, with potass, by which a 
prussiate of potass is formed, which has the pro- 
perty of producing a blue precipitate from a solution 
of iron, which is the prussian blue: thhi actd has the 
proper^ of precipita^g metals from any solution, 
by forming an insoluble compound with their 
oxyds; the colour of the piiecipitate ascertains the 
nature of the metal, thus the precipitate of iron, as 
observed, is blue, that of pMytUoWy that of lead 
white J wA that of copper brownish red — a property 
which renders it highly iniportant to the Chemist. 

What is the nature o/' Phosphoric aeidf 

Phosphoric acid is composed of phosphorus and 
oxygen; if phosphorus is burnt in oxygen gas, a 
dense white cloud appears in the vessel, which 
adheres io the form of flakes to its sides, this is the 
acid, and the whole process of making phosphorus, 
though attended with considerable difficulty, con- 
sists, in reality, in separating it from the oxygen 
again; it is this acid combined with lime, forming 
a fhoaphate of lime, which is ■- the basis of animal 
bones; by the slow combustion of phosphorus in 
common air, an acid is obtained, called phosphoro?/^ 
aicid, in distinction from the phosphonc. 

What are the names of thu other acids? 

The Oxalic, ^hich is extracted from sugar, and 
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exists ready formed in the wopd sorrel, has the 
useful property of precipitating lime froqi its solu- 
tious; the Gallic is fonud in luit galls^ which pre» 
cipitates iron black, an^ is therefore useful in form- 
ing inks; the Cittic obtained from Usmons and 
oranges, the Cain/iAiu*i£ .froftt. camphor, the Lactic 
from milk, the Sebacic from fat^ iiie Suberic from 
cork, ^be Succinic from amber, together initli 
several others, the properties' of which are either so 
uninteresting, or so little known, tliat the ^tentioo 
of a young Chemist would not be very profitably 
' employed in their examination. 
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CHAP. XI. 
ON SALTS. 



At ha% been noticed, in speaking o/'/A^ acids, that 
in combining with certain substances they form 
ni^w oneSf zxrhich are termed Salts^— f F/ki< is the ' 
nature of these com binations f 

The word Salt is ia common acceptation con- 
fined to a very few bodies, principally to muriate of 
soda; in medicine it is extended to others, as ttie sul* 
phates of magnesia and soda; but among Chemists 
it has a more .extensive signification, and is applied 
to all the combinations of the acids with the me- 
tallic oxj/ds, alkalies, and earths; their principal 
characteristic property is ,their solubility in water, 
and their insolubility in alkohol, or spirit of wine; 
hence, if alkohol be added to a watery solution of any 
salt, the salt is precipitated from its solution ;. these 
combinations, are of course very numerous, amount- 
ing to about 1800, among which it will naturally 
be expected that some are pf much liigber im- 
portance than others. 

If so great is the number of salts, isi it'noi diffi- 
cult to name thtm, sa as to avoid confusion ? 

Formerly the difficulty would have been insuper- 
able^ and every fresh discovered substance would 
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have increased the embmrasMncBt of the cbeniicd 
pupil; Ibis difiioulty is now not merely lessened, 
Ukt totally removed^ bj the introduction of that 
admirable nomenclature which the great Lav(Msier, 
and the '' illustrious body of Freoc^ Chemists^ asso- 
ciated v^itli him, have iutroihiced; the mefe coo- 
sideration of the unavoidable confusion occasioned by 
the old names^ must convince every one of the 
jiecesiity of a reform in this branch eS - Chemistry , 
aad of the service which those Chemists haVe 
rendered to thd science^ and to the* world, by 
«ffiectifig it. 

What are the advantages of this ndmenclature^ 
Previous to its introduction, every neiifly discovered 
substance was named at random;' sometitnes from 
its discoverer, as Glatiber's 8alt> 'sometimes from 
the place where it was foUnd, as Epstm salt, some* 
times merely from its colour, or other fanciful re<* 
semblance, as liver of sulphur, names which ha\'e 
no connexion whatever with the nahire of the com« 
pound they are meant to designate; but there are 
names still more exceptionable, such as oil of 
vitriol; vitriol itself is a vague term^ and-beJotigs no' 
more to sulphate of iron, thanit does to utmost all ^ 
salts, and the substiince 'in question is ceititinly ftot 
an oil. ' < 

How does the new nomenclature pv^vtnt this 
'confusion and error ? 

By giving to the compound a name formed from 
, the names of the substances which compose it; thusg^ 

M 
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infjleaH of Glaudir's salt, we ssy mljjhate of soda, 
that salt being formed of sulplmric acid and soda; 
Epsojii Bult, being a cooibination of the same acid 
with magnesiu, is called sn/phate of mugnesia ; and 
the absurd and false appellation of oil of vitriol 
gives way Co the rational name uf sulphuric acid, that 
acid being formed, not bj the mixture af oil and 
glass, as the old name would seem to imply, but of 
Gulphur combined with oxygen. Let us imagine 
that our common table salt were shewn to a Chemi.st 
who was ignorant of its nalurc, and who would 
naturally be disposed to enquire wlielher it were a 
simple substance or a compound, and if a compound, 
of what materials it was formed? such is the -itd- 
niiruble plan of the present nomenclature, that no 
sooner is the proper name of this salt, mu/fVrfe of 
soda, announced, tbiin all questions relative to its 
nature are answered, or rather the necessity of asking 
them is superseded. 

Since the whole number nf tails can»ot at pre- 
sent be examined — fVhal are those rehich, on ac- 
count of their propertici, or the uses to ti}liick tlteif 
are applied, are most ttortliy of observation? 

The principal of theae are formed by the com- 
binations of those acids, ihe properties of which 
_-luve been already described, and several of the 
I^ibIii themselves have been unavoidably noticed, in 
«peaking of the acids and metals; the salts formed 
by union of the sulphuric acid with oxyds, earths, or 
aikaiies, ue, agreeably to the present nomenclaturej 
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termed 5i///»/ii!r^e5; those of tbe metallic oxyds hare 
been already raeutioned in our consideration of the 
metah themselves; widi the alkalies it fomls sul- 
phate of soda, or sal ipirabiley or Glauber's salt^ 
sulphate of potass, orvitriolated tartar^ ivhich ?Bvith 
sulphur forms the sal polychreiit, tcc-with the eattlis 
it forms sulphi^te of barytea^ or ponderous spar—- > 
sulphate of magnesia, or Epsom salt*— sulphate of 
lime^ or plaster of Paris — sulphate of alumine^ of 
alhim> &€• 

In stating the application of the nommclatart^ 
to acids^ it wa$ oiservfd thai thou acids which 
contained the largest portion of oxygen xeere dis^- 
tinguishedfrom those which contained less, by the 
termination of their names, the former ending in 
ic, and the latter in ous— /s there any distinct iote 
in the names of the salts formed from the different 
acids? 

m * 

YeSy the salts formed by the acida wh6Be names 
terminate in ic, are dislinguished by the termination . 
ate; tlius the salts formed by tl)e nitrii; acid are 
called nitrtf/f5, while those formed by the nitrons 
' acid end in ife, and are called nitnVes; and thus we 
have the.sulphci/e and the sulphtV^ of barytes, and 
so of all the other salts. 

IVhat arc the principal salts formed by the 
Nitric acid'f 

Besides tlie metallic salts^ \^hich have been 
already named, it forms, by its re-union vviih potass^ 
the well known salt called nitre^ or salt petre, of so 
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much importance in several of tlie arts an<l iii ihe 
manufacture of gunpowder — that terrible compound 
consisting of J 5 parts of nitrate of potasa, to 16 of 
charcoal, and 9 or 10 of sulphur; tliese are gruund 
and mixed together uhile n'ft, and afterwards re- 
duced to grains by passing through a scive, and 
Unished by drying; from the quantity of o\vgen 
which nitre contains, and the facility with wKkIi it 
parts with it, it forms the principal part not only of 
gunpowder, but of most of the detonating com- 
pounds; when three parts of nitre, two of potass, 
and one of siriphur, are well dried, and mixed 
together while warm, they form what i» called /vi/- 
minating powder; if a little of this is held in a 
spoon over the candle, or in a shovel over the fire, 
it soon begins to melt, when it explodes very loudly, 
though not attended with the sm a II est danger; the 
nitric acid combines likewise with aoda, and the 
earths, and forms with them a variety of salts, not 
at present particularly interesting. 

What are the characteristics (if the salts formed 
hy the combination of the Muriatic acid tcilh the 
alkalies and earths? 

There is one properly in the muriates, ns lliey 
are calUd, worthy of observation, namely, that 
though they are the most volatile, yet they are not 
like other salts to be decomposed by lire: Mr. 
Paikeit once kept some muriate of soda in the most 
intense heat of a reverbatory furnace for 48 hours, 
wiijiout its being in the least degree altered. 



' What are the principal Muriates? 
Besides those already described, there are ihe 
muriate of aaimoiiia^ or sal ammoniac^ the murirAc 
of potfiss^ or febrifuge salt, the muriate of lime, 
used for bleacbiiigy and others of less note; but die 
most remarkable salt belonging to this class is tbo . 
oxy-muriat€t of potass^— if the oxy-wiMriatic acid gas^ 
before described, be pais^ed through a solution of 
potass, instead of water, until the solution ia^atur^^ 
ated, small crystals will faU down, wbicih is the sialt 
in question, and i^ one of the greatest curiosities 
which the art of Chen^istry has produced; it seems, ' 
jsays Fourcroy, ^* to include the elements of thunder 
in its particles^-A Chcnnst can produce effects 
almost miraculous by ijts melons, and nature seems/ 
to have concentrated all her power of detonation, 
fulmination, and inflammation, in this terrible c6m- 
pound:" If three parts of this salt be powdered, and 
mixed with one part of flowers of sulphur^ and then . 
laid on an anvil, or, any solid body, and smartly ' 
struck with a hammer, it detonates violently; the 
mixture will even explode spontaneously if kept in a 
warm place ; if ten grains of this salt be put into 
a mortar with one of phosphorus, and then rubbed 
together, successive and violent detonations will be 
produced; in performing this experiment, it is ad- 
visable to turn the mouth pf the mortar from the 
face, as «mall pieces of. phosphorus sometimes fly 
out. 

M3 
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May not some substances be inflamed wiihouf 
detonation lif means of this salt? 

Ye», if equal parts of lump sugar and oxy-muriate 
he 6rst powided, and then mixed together^ a single 
drop of suiphuric acid will be 8uj(&cient to inflame 
the mixture, from* which a beautiful column of 
flame will rise; it was proposed by Bertholet, wha 
first discovered this salt, to use it instead of nitre in 
the manufacture of gunpovdef> but the attem|>t 
h&mg caused the death of two of the workmen 
, employed, it was laid aside, diough it is- said that 
the French have since used it; a patent has lately 

« 

been taken out for a peculiar kind of gun lock, ia 
which this salt is to be used, but it is to be hoped it 
will never come mto general use. 
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CHAP. XIL 
OAT COMBUSTION. 



JL HE appearances accompanying the combmtion 
iifiiiflammable bodiiSy and the effects produced byt 
it, are of a very interesting natUre-^huve thejf 
4mjf relation^ to Chemistry, and its laws? 
,«Tlie process of combustion is altogether of a . 
cIi6iBical nature^ atvl is io reality only what is termed 
by Qbemista a play of affinities. 

What ! is Combustion, by which such ravages have 
bem made^^by which houses^ ships^ ^^y> whoU 
towns at^i fleets^ ii^ve been destroyed^ and by which 
such extensive calaufsities have been occasioned; is 
all this regarded by Chemists as a mere play of 
affinities? 

It really is so> and- nothing more^ nor is there in 
all diese calamitous- circumstances^ how extensive 
soever they may have been^ a single particle of 
matter destroyed; by combustion indeed the forms 
aod properties of bodies are destroyed^ but nezc 
forms are assumed, new properties acquired^ and 
Birthing is lost. 

How long has the present theory, of combustion 
bun received f 
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It was not generally/ adopted even in France^ its 
birthplace, until the year 1787: though the Very 
striking appearances attendant on combustion have 
been before the eyes of all nations from the 
b^inning, yet many ages elapsed before any attempt 
was made to account for tliem, or understand either 
the cause or the effect; until about the .year 166^^ 
Philosophers themselves seem to have r^arded^re 
as an element that devoured every diing it was 
capable of acting on; but about that period the 
celebrated Dr, Hooke, well known for his micro- 
scopic researches^ proposed the first theoiy of com- 
bustion ; according to him, there is in air, in salt, 
in nitre^ and several other substances^ a some* 
thing capable of dissolving combustible bodies^ 

. which it does ^vith such rapidity, as to occasion the 
appearance of light and heat, which he held to be ' 
mere motiom; that combustibles continue burning 
or dissolving uniil the solvent is Saturated, when the 
process ends of course ; a happytronjecture, and not 

. far from the ti uih, which, however, he had not the 
iid^ans of pursuing. 

Did this theory continue to be received untit 
the time of Lavoisier ? 

No, after being refined upon by Mayow, who 
carried it to a pitch of extravagance, it was suddetity' 
overturned by the appearance of a new and totally 
different theory, first proposed by Beecher, hot $& 
modified and improved by his. «blebrated disciple, 
S/ahlj that it has been usually called by hitr name; 
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ne supposed that all combusUtile bodies cotUaioed 
one comnion principle to which their in flitmmability 
was owing, and of wliicli, by the act of conibustioi 
the}' were deprived; and to this imaginary prii 
ciple he gave the name of Phlogiston. 

How was this theory received'? 

It had many advocates, as, from tlie reputation ol 
its author, might naturally be eNpected, and s 
them our great Chemist Dr. Priestley; in tht^ 
language of these Philosophers, a combustible 
body was said to be pfi/tigiiticatedf and when de- 
prived of [heir iiitlammabie principle, was depblot« J 
gisticaied, and of course no longer co)iibustib1e|H 
tbey maintained that in all cases of combustion a /ost^ 
woa necessorily sustained, and that the body burned 
liad suffered a diminution — Such wa.s their theory, 
th« reverse of which is now found to be true; aucL 
Dr. Priestley lived to witness the demolition of It 
fabric he bad so considerable a share in erecting. 

What is the pecuiiar nature of the prt 
thcort/ 'f 

It is now clearly proved that the burning bo( 
does nol suffer any tliminulioii, but, on the contravj^l 
receives an accession of maUer, combustion consist-"^ 
ing, in aU cases, in tlie union of oxygen v 
burning body. 

Had Lavoisier the sole tuerit oftkii theory'* 

He was unquestrouably its author, but lie \vi*- ' 
much indebted for the materials of which lie formed 
i^ to olber Cheuusta, and particularly our couiUr>'- 
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men Dr. Priestley, Mr. Cavendish, and Dr. Black, 
whose experiments on the different gases, led the 
way to that beautiful theory, which that truly great 
Phifosopher established. 

You have mentioned the general effect of cont" 
bvttion — can you not give a more particular 
account of the process i 

This cannot be better done than in the words of 
Dr. Thomson; ^^ When a s/onf or brick is heated^ 
it undergoes no change^ except an augmentation of 
temperature, and when left to itself it soon cools 
again,) and becomes as at first; but with eombuitible 
bodies the case is very different, when heated to a 
certain degree in the open air, they suddenly become 
much hotter of themselves^ continue for a consi- 
derable time intensely hot, sending , out a copious 
stream of caloric and light to the surrounding 
bodies; this emission, after a certain period, begins 
to diminish, and at last ceases altogether: the com-- 
bjustible biu now undergone a. most complete 
change ; it is converted into a substance possessing 
ver^ different properties, and no longer capable of 
c#mbiistion.'' 

This is indeed an admirable description, but 
these phenomtna might have been observed by 
a person who had no acquaintatice with Chemistry^ 
and do not seem to furnish anyproofofthc tluory 
above stated — Can you produce an instance in 
which this is proved ? 

The same valuable author - contimies to observe^ 
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that '* When charcoal » kept for some time at the 
temperature of 500 degrees, or perhaps a little 
higher, it kindles^ becomes infte^sely hot, and coii- 
tinues to emit light and caloric for a long time: 
when the eiuission ceases, the charcoalhas all dis- 
appeared, except an inconsiderable residuum of 
ashes.*' 

Since in this process the whole of. the charcoal 
(the small quantity of ashes excepted) is acknow- 
ledged to have disappeared, does not this seem to 
prove the very reverse of the theory f 

It must certainly appear so to an uninformed 
observjcr, but it is because the product of the com- 
bustion, viz. carbonic acid gas, has been suffered to 
escape; but if this product be collected, it '^is found 
to exceed greatly, in weig/U, the nhole of the char- 
coal consumed." 

Is this invariably the fact '^ 
Yes, in every instance of combustion the body 
burnt is found to have increased in weight, while 
the air in which it has been burned has been d^- 
priyed of a portion of its oxygen, equal in weight to 
that which the burnt body haa gained; and hence no 
combustible will burn in air in which any of the 
flame kind of substances has been previously burned, 
nor will such air support animal life. 

$ince in every act of combustion oxygen is 
united to the burning body, does it not follow that 
no substance, which does not contain oxygen, can 
support combustion f 



1 
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That certainly does follow. 

jind are all the bodies which -contain oxygen 
capable of supporting comhuztioH^f 

Yes^ in proper circumstances* 

What it meant by proper circumstances f 

It is not enough that oxygen be firfsrnf; for un- 
less the body with which it is already combined be 
disposed to part with it> or the combustible has 
sufficient force to compel it^ no combustion can take 
place; water contains aMarge portion of oxygen^ and 
yet^ instead of supporting, it is made use of for 
extinguishing fire ; and carbonic acid gas contains 
oxygen, and yet a lights taper plunged into it is 
immediately extinguished. 

Can you explain this? 

Very easily, by adverting to the laws of chemical 
affinity, of whic^h, as before said, combustion is an 
instance ; oxygen is never found but in a state of 
combination, and therefore no combustion c^n pos- 
sibly take place, unless the combustible has a stronger 
affinity for it, than the body with which it is pre- 
viouiily combined ;. when this happens^ combustion 
invariably follows, and not else* 

Has not carhomc acid gas, though it contains 
fncygen, been classed by some chemical authors 
among the nonrsupporters of combustion? 

Yes, but improperly, as the recent discoveries of 
Mr. Davy have proved; for diough no substance 
had -before been found that wodid burn in it> because 
none had an attraction for oxygen sofficiendy BUfong 
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to detach \t Uoai tlje carbon with wliidt it iti luiiteci 
in tijat gMS, yet ihe neivlj discovrred metal, which 
iH tlie base of poiiteN, and Hliicii tbat admirable 
Chemist who diicovered it iiaa called potassium, 
will burn in it, when heated, with great splendour. 

JJai any suiislamce ■Offii ytt tUscavtred, tliat hen 
so ilroug Hit affliiUt/ for tiggfu, as io detach it 
J'ruiii itt combination siith bifdrogai, and burn in 
ualer t 

Yes, if a globule of potassium be thrown on 
Vater, it inntanti; takes fircj iwd bunts widi. aEli>ni:>h' 
ing rapidity; it tike^fise bums with equal : f«<il it}' 
HlienUirowD OB ice. 

Uhy it it nttessary to htat, or raise the tDiii- 
paatnie o/i some inidies b ffore ihtif wiH burn f 

'i'here is a certain teniperiuure at wJitdi coui- 
bnittible bodies are disposed to combine with oxrgc-o, 
ftW which vtriea in ^iif'er^ut bodies; but, geneiallj' 
■pewking, it is necessary to raive the tempers t me ttf 
fl/£ bodies in order bi tLcir being burnt, became it 
n obvious that all those which are cajKible of taking 
&K Ht tlte common temperattirt of our atmotpUert, 
must be aheady in a bunit state, nod tltarefore can- 
not be burned again until they have been, as the 
French Cheioiste term it, wtburnl, that is, dpprivsd 
of tlieir oxygen; this is evidently thecesewitli potass, 
■oda, and the alkaline eaiths, which Mr. Davy has 
shewn to be metals, that have uiidei^oiie conbu»- 
lion, or metallic oxyds ; he has had ihc distinguished 
.iimnf oi muxeetkn^ in lus vdcatvourii (o.defai.o 
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diem of tbeiir oxygen^ imd thus render diem again 

combustible. 

• Are metah in general combustible, or k (his 

property peculiar to those just mentioned f 

Metals in general are combufttiUe, but they 
usually require their temperature to be considerdbly ' 
raised^ and Co have a plentiltil supply of oxygen^ in 
order to their being biiriit 

Can you repeat any experiment in illustration 
oftkisf 

If iron wire be heated red/ or if a piece of lighted 
tinder be attached to it, and it is then plunged into 
a jar filled with oxygen gas^ it will burn, throwing * 
out the most briUiant spark« that can be imagined^ 
and; if there is a suifieient supply of oxygen^ will 
contaune until the whole of the wire is burnt. 

Recording to tieprtsent theory of cohbustion, 
it should follow that the iron in this experiment, 
4SS well as the charcoal, formerly meittidned, should 
increase in weight f 

Yes, and if it be weighed before amd after it has 
•been burnt, it wiM be found to have done «b in the 
•proportion of 35 parts in the lOQ. 
' ■ Since metals, whicK- mil not burn in common 
air, are capable 'of being *burnt ino^gen gas, it 
. seems to follow, that those gdlktMces ft'hich in 
'tmnmon air are combustible, will burn with iit- 
-tr eased rapidity in that gasf 
[' This is certainly a natural consequence; chircpal, 
ibejiefore^wfaich bunirwitK aduU xed in common air^ 



• 

tfunis with great brilliancy. in os;ygeii gas^ and^ if 
the bark be made use i>f^ a number of beautiful 
sparks are thrown off in every- direoiioiij attended 
with a cradkling iK>i8e; siilpbuif also burus with an 

enlarged and much brighter fiame in this gas; buft 

• 

the most impressive experimest of this 4iind is the 
combustion of phosphorus^ for if a bit of it be 
plaped in a spoon, set ou fire, and then let down into 
a jar -filled with oxygen gas, the flame instantly 
appears so enlarged as to fill the whole vessel, mod 
produce u light so intensely brilliant, that the eye 
can scarcely endure it. 

Can no combustible bodies then It burnt without 
Jirst raising their temptraturei 

Generally speaking, this caimot happen, for th^ 
reasons already given, but there are exceptions to 
this rule, which must likewise be remembered; 
potassium furnishes one, and a gas has been before 
described, uamely^ the oxy -muriatic, in which even 
metals, which are certainly not the most combus- 
tible substances, wilt burn witliout having their 
temperature previously raised; it is only necessary 
that they should be reduced into powder, or beateu 
into leaves, that the greater surface may be exposed 
to the action of the oxygen, and they instantly take 
fire on being immersed in it. 

In consequetue of this theortf ^ combustion, it 

must oj course follow t that in these cases it is the 

presence (f the Odygen that enables, them to tak^ 

Jire^ww IS it then that tlie metals, or even .the 
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l»ore combustible bodies, as sulphur and pkM-' ' 
jp/iorus, do not take fire in pure oxygen gas^ 

It must again be recollected^ that oxygen^ the 
sole supporter of cofhbustiony is never found alone, 
but always in a state of comhinatton with some 
other body; even in the state of gas, it is combined 
viith caloric, which gives it its gaseous form^ and 
n^hen die cdtnlHislible is heated it has a powerful 
alBnity for die' oxygen^ but none for the caloric with 
which it is combined^ and therefore esisily separates 
tl^em^ and takes the oxygen to itself. 

How then do they, without being previously 
heatidy take fire in oxy-miiriatie acid gas f 

Because, from tlie method of preparifig' it) thia 
kind of gas h^ a hicge quantity of oxygen yiifrin/y a« 
it were^ 'into its €0$nposition, the greater pait 
of whieb it holds by a very weak affinity, and tberc^ 
fore) so readily^ |»arts with it^ that it supersedes tte 
necessity of first heaUng t(ie bodies in order to their 
«ombuatiott in it. 

y'hen U is i9^be accounted for, on similar pmt* 
eipkSfihat those combustibles which, when heated 
tei^ a ierhiiH degree, will burn with splendour in 
oxygen g^s,- ate immediately extinguished an being 
fiungeet into water, though water, as well as oxy^ 
gen gas, contains a large portion of oxygen f 

Yea, for the affinity of oxygen (or hydrogen, with 
'#kieh k forms water, is double io force to that 
^htcb it hoa^ for caloric, with wliich it forma gas. 

Sinea c^taAwrijetn' camiot, be supported vitkaut 
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d comtanl supply of oxygen^ and that oxygen mmi 
be, in ordinary cases, furnished by the common air 
o/' our atmosphere — dots not this prove the necessity 
of' a constant stream of air for the supply of our 
commonjires? 

Yes, this is one among numberless instances df 
the iiigh importance of chemical knoviledge, even 
as it rotates to the most common purposes of life^ 
and this should certainly be always kept in view^ 
both in the construction of owrjire places^, and the 
management of our Jires, as all tires will burn well . 
in proportion as the air, which is to furnish the oxy- 
gen, is made to pass through tiie different parts of it» 

In what respects do what are called furnaces,. 
which burn so Jieictly, and produce such intense 
heat, differ in their const ruction from our comrrioB, 
stoves^ 

Only in tliis, that they are so constructed, as not 
only to admit, but even to force, a constant supply 
of air to every part uC the burning fuel^ as no air 
can ascend the chimney without first going through 
the fire, and it in for the same reason, that a sfill 
greater heat is excited by a large pair of bellows, ht 
which case a very considerable quantity of air is not 
mertly permitted to cntec, but forced Jnio, actual 
contact with tlie fuel. 

1$ the heat produced by the blast' of a pair of 
bellotcs the most intense that can be produced by 
art ^ 
* Ho^ the greatest degree of heat we are capable of 

Na 
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raising, is protTuccc! by (tiro-ting a stream of ori/gfti 
gat on llie combustible bcdy; if even a piece I'f 
(tinmond, which w>II remain unaltered in the siioiigcst 
ftiniaee, be placed on a piece of tigUled chaicoaJr 
and a stream of tlii^ gas thrown on it, it caniint lon^ 
resist a heat so intense, ^lrt will speedily be burnt, 
nnd, if the experiment Ia!>Gti pluce in tli« open air, 
wiH totally disappear. 

It iipptan t/ienfrom all that has h/fn staled, 
e/ial it is not wholly os-itig ti> the properlits of the 
combuaible itself, that the process of combustion 
is sometimes so much more rapid and violent than 
at othersf 

Yes, for though some bodies arc more conibus- 
libte, that is, have a stronger afiiDily for oxygen, 
(ban others, and will therefore burn in circumstances 
in which others will not, yet the rapid combustions 
which take place in some instances, are principally 
owing to the quantity of oxygen contained tn the 
supporter of the corobitstiou, and to the tttcilily 
with which it parts with it. 

Can i/ou produce any farther itutance) in proof 
of this important truthY 

Yes, phosphorus will present as with one ; tliough 
% very combustible body, yet it only bums witd a 
very feeble flame in the common temperature of our 
attnospherc ^ at the temperature of the human body 
it lakes fire, ai we call it, and burns more rapidly, 
because its increased atfiaity fur oxygen enables it 
to tlencli it juore readily from the atmosphere^ but 
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it bthriTs witl) 8till grtufer rapidity io pitre oicygen 
git9; on tlii»prinei[>^e itis* that nitre is mixed with 
imlphtfr in making sulphuric acid^ because it cbnttiim 
ft considerable portion df oxyf^en, whicb it ho)d» by 
a Weak affiiHty^ and theFeft)re readily part» li*rib it 
to assist fb« coFfnbustioti-of the sulphur. 

Is it not to the prestnc^ cf'tiitre that gun-powdt'r 
9wes its gfeat inflammability^ 

Yes, but tlier^ are compotinds ^Iiich take fire 
more readrlj»y and bum with more rapidity, than 
gmnpofvi'der; tbe preparation called fulininatiag: 
mercury is of Uiis nature. 

In what ntanner is this preparedf 

By drssotving fifty grains of merctfry, or quick- 
sUver, in half an onrtce of nitrotw acid> viith a gentle 
heat, and afterwards pouring on the solution a 
quantity of alcohol> or spirit of wine, double to that 
of the acid, if then the flame of a candle be applied 
for a few seconds^ or until babbles begin to rise tf> 
(he surface of die fluid, a considerable ebullition 
wilk follow, a large quantity of nitrous ether will be 
evolved, and when the action slackens^ a white or 
grey powder hlii to the bottom, the liquid must 
then be quickly poured eff, the powder washed two 
dr three times in clear water, and afterwards dried 
on a filtering paper, with a heat not greater than, 
that of boihng water. 

By what experiment can it be proved that thii 
powder is more easily inflamed, and its combustion 
more rapid than tiat of gunpowder f 
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. If a lighted [Kiper, or evea tbe flame ef a cande, 
be applied to guiipouder, there is some diflicultjF 
in maLii^ it take fire, but this powder takes fire 
befqie the flame can well touch it; or the superiof 
inflaminabiUty of this po^vder may be shewn by 
mixing it together ^ith gvopowder in a small heap, 
and hoidipg a lighted paper to tlie heap, when the 
mercury %iill take fire, and every particle of it^ 
though never so intimately mixed with tbe gun- 
powder, will be biuiit, while the gunpowder will 
be scattered, but not a single grain of it will take 
fire. 

Than I J a tTaiu of guitpoirder zetrc crossed btf 
another train of fulminating mercury^ and the 
mercury fired y its Jiamc would pass through the 
gutipoxcdtr zcithout firing it? 

Yes; but if instead of firing the mercury,, you set 
$re to the gunpowder, it ne^ier, fails in its explosion, 
to set fire to the mercncy also. 

This is certainly a very striking experimeni-^^ 
Are there not certain compounds which take fire 
and explode bifpurcnmoni 

That is tbe case with the compoind in question,, 
for If a few graiiiS of it be laid on an anvil, au^ 
smartly struck with a hammer, it wiU explode witb> 
considecable violenoe. 

Jre there not fulminating powders, dft they art 

called i prepared from other metals besides mercury? 

j Yes, from gold and silver, but the ust^al prepara^ 

tjom uf these metals are so dangerous^ XlM it is^ 
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liardljr adviMble cither . to prepare or keep them; 
tbere is; however^ m method^ of preparing a fiil- 
mintting silver^ vrbich im perfectly irfe^ and in poiM 
of curioBs effect inferior to none. 

Detcribe ikeproeen. 

The mwil process i$ similar to that bf which 
fulininatiDg mercary is prepared^ jbut a far better 
way is to take hinar cawtic (nitrate of stiver) as 
used by tbe surgeons^ 25 grains, and having auxcd 
gra^tid//^ half an ounce of tNtrotis acid with one 
of alcobo), or spirit of wine^ put the 5lt-bola into a 
Florence flask, and having, as ii^ tie process tor 
making fulminating mercury, just warmed it until 
the air bubbles begin- to rise, proceed in the same 
manner, washing and drying tbe white powder which 
fidls down, and which is the fulminating silver; grett 
care must be taken in dryuig it, that no spark of ibn 
conies near it» • 

fVkat an the euritnu properties (>f M»s c9Ni-> 
poundf 

If a very small quantity of this powder be held to 
the candle, or a piece of lighted paper be put to it^ 
it will instantly explode witb a smakt noise,, and a 
quantity equal to the size of a pea mil produce in 
explosion full as loud as tbe ear can well bear. 

IVill thi$ powder, like the last mentioned, esy 
phde by percussion'^ 

No, but, OB the other hand, it has a very 
curious property, which the fulminating mercary 
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kas not, fur if it be laid €m m piece of qMariZp.JliMif 
g/mssy or any stone containiii;: siVrr, and be prcsitd 
or rubbed widi another piece 4>f ^artz, &c. or the 
point of a paiknife^ it iostantlj explodes; il is stiU 
more sii^lar^ that it will explode when wetted, as 
fredj as mben it is dry, and even nnder water. 

Since uratcr will not, except in the case of tie 
new metals, part with its oxygen to a eombmstible 
body — cam combustion in any other instance be 
maintained under wateri 

Water extit^iushes a bumii^ body when plunged 
into it, merely by cuttii^ off its communication 
with the oxygen of the atmosphere, just in the same 
manner as a glass of any other yessel would do, 

.under which no combustible, not even phosphorus 

.itself, can burn after it has consumed all the oxygen 
which the vessel contained; but if there be a su|>ply 
of oxygen^ the combustible will bum as freely under 
the zcater as it will in the open air, ihus several 
compositions with uitre will bum under water; but 

^ there are two chemical experiments by which this 
may be shewn in a very striking manner. 

« What Tare the experiments by which so striking 

.mfact can be illustrated f 

If a small piece of pbospl^orus be placed at the 

'.bottom pf a wiue glass filled M-ith hot water, and a 

stream of oxygen gas be thrown on die phosphorus, 

.by means of a bladder with a small pipe attached 

to it^.it will take fire aod cootiuuQ to burn as loqg 
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tts the gas is supplied, or until it is m holly consumed ; 
6ry instead of this, let a piece of phosphorus be put 
at the bottom of ap empty glaHS, together with ^ome 
oxy-muriate of potass, and then let the glass be 
gently filled with cold ^Tate^, so as not to displace 
the salty then, by means of a glass tube or funnel; 
let a small quantity of sulphuric acid be let doun on 
the phosphorus, and the latter will immediately 
takejirey and burn midjer the water, the oyx-nuirialG 
supplying the oxygen iiecessary for its combustion. 
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APPENDIX. 



XX the foregone P^^S^ expressions firequenlly oceur^ 
wbicb^ though perfectly familiar to the Chemist, musi 
be io great measure, if not altogether, uniotelligible 
to those who take up, for the first time, the sid)ject 
of Chemistry; for instance, though every Chembt 
knows i»hat is meant by ''collecting a gas over 
Hater in the usual way,^ yet it is scarcely possible for 
any person, however otherwise intelligent, who has 
never seen the process, or a description of it, to 
comprehend its nature; and though an explanation 
has been in one or two places attempted, where a 
degree of awkwardness was felt at the time, yet this 
could not always be donie^lind if it had been in every 
instance attempted, it would perhaps have been at- 
tempted to little purpose by words only, it was 
therefore thought necessary, especially considering 
the persons for whom this is principally written, to 
have recourse to figures, and to subjoin the following 

EXPLANATION OF THE PLATE. , 

Fig. 1, in the upper compartment/ repres^its a. 
patent lamp, over which is a retort, fig. 2, if the 
lamp is separate from the ring which supports th^ 
retort, the latter should be made to slide up and 
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down, so as to be placed at different distances abovf 
the flame nf the lamp, according to the degree of 
heat retjuired ; as it is sonietintes reqiusile to remove 
tlie Ump ivitltaut any truuble or loss of time, it ii 
I>erhaps more desirable to have it separate, as in ihg 
figure, than to have the lamp and the ring both sUdif 
UD the same stand; (he retort represented in th|l' 
figure has a stopper at the lop, and is therefor^' 
called a tubnialed retort, this addition adds bi 
little to tlie expence, and \iill in many cases be 
found very convenient'; retorts are made of varioiM 
nialerials, llio.'e to be used io the tire arc of earthen 
ware or iron, but those which are used over a lam|^' 
are of glass, and Ijeing blown very thin at the bottoBl' 
are not often broken by the heat of the lamp, cv( 
when suddenly applied; wlien used, if any grit) 
substnnce has been punred in, as in the making o\ 
muriatic acid, it wM be necessary to work tbc' 
stopper round a little, thai it may not, by any pai 
tide lodged in the neck, be kept from being aV 
tight, and if a little tallow or soft pomatum is rubbed 
on tlie Etopper, it will often be of great service in 
keeping these, or any similar joinings, air tight. 

Fig. 3 represents die balloon receiver, so calli 
from its round form, into llie neck of this the bei 
of the retort is inserted, it is then to be made faa^' 
go M not to sh-ake about, by pressing some slices 
cork between the neck of the receiver and the beak 
of ibe retort, and made air tight by covering wilb 
lute, hereafter described; wbea ouly Uiia receiver ia' 
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^srtl, the tojy is dosed by loosely dropping hi the 
stopper, fig. 4 ; in the forniation of gases, hotrever; 
M apparatus consisting of one or more of Woiiif S 
fefottles, added to the first ^ceiver, is exceedingly 
^serviceable ; one of these is represented fig. 5, it hal 
^ee necks, by one of which it is connected With 
the first .-receiver by means of a bent glass tube, 
fig. 6, one leg of ^vhich is luted into the- top of the 
jreceiver, which it enters but a little way, while the 
other leg, as represented, is luted into one of the 
Mcks of the bottle; if any fluid is to be impregnated^ 
as in forming the oxy-muriate of potass, this leg of 
the bent tube must be continued below the surface 
of the ftuid, so that, the gas, which, after filling the 
balloon, comes over intothe bottle, may pass throu^ 
it, as represented by the dotted linesf in the figure; 
in the middle neck pf Woulf's bottle a glass tube, 
fig 7, about two foot long, is inserted, the lower end 
of which is likewise below the surface of the fluid ; 
if only one of Woulf's bottles is used, the remaining 
neck, or that farthest from the first receiver, is • to 
be closed by a stopper; if two or more are employed, 
they are io be connected with each other by bent 
tubes, in the same manner as that in the plate is 
eonnected with the first receiver; the peculkiF'ad* 
vantage of this apparatus is^ easily e&friained, fo> if 
the first receiver only is used, the stopped is fre* 
^uetttly thrown out, or if not loose, the' teteivoir is 
in ddiigrr of bursting by the sudd^itproductioir'df an 
WdMk ^uid; whereas, when the Woitlf s bottles tfre 



\* 



employed^ if any extra q^imntity of gas comes 
over, tbj^ fluid iu the (^ottle^ by rising in- the , tube, 
affords it ropiu, or even permits the superfluous 
portioa of it to escape, without endangering th^ 
apparatus ; the top of the ti^be shoulclvi^e furnished 
.with a kind of bason, as represonyted^at fig. ?» to 
prevent the loss of a part of the fluii^ when driven 
up above the top.of the tube — ^a common four-oun^o 
vial with a hole in the bottom, and cemented by its 
mouth to tli^ top of tJbe tube, answers this purpose 
admirably well. 

In the middle compartment of the plate the 
pneumatic trough, or water bath/ is represented, 
flg, 1 ; this may be made of tin or wood, and of any 
tiize or shape which may suit the operator; but 
wood, if lined with lead, is heavy, and if not lined, 
is liable. to leak, tin is therefore preferable when the 
vessel is made for chemical purposes, though any 
wooden or earthen vessel, that will admit of placing 
a shelf in it, and immersing a bottle under .it, may 
be made to answer the purpose ; the celebrated Dr. 
Priestley began his brilliant career with a v\a$$liing 
tub; the most convenient size is perhaps about. 15 
inches long, 7 wide, and 13 deep, this will admit of 
a shelf at one end, and leave suflicieiit room to All 
and invert a common quart wine bottle, which is 
frequently wanted: flg. £ is a shelf in the inside of 
the trough, this should be so far below the edge of 
the trough as to admit the water to rise about an 
inch above it; in tlie middle of the shelf there is 

02 
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a hole for the gas to pass through wlien any retsif' 
is to be filled, which ia to be done thus — tiie vessel, 
suppose a bell glass receiver, like that fig. 3, is to 
be plunged under the water in the trough, with its 
mouth upwards, and when filled with it, is to b« 
turned upright, and then raised and placed over the 
hole in the sheir, as represented in die figure, ill 
doing this care mu.st be taken not to raise it higher 
than is necessary for putting it on the shelf, for if 
raiiied above the surface of the water in the trough, 
that in the receiver will all fall out; when the re- 
ceiver is to be filled with any kind of gas that lias 
been previously kept in a corked bottle, the boitl* 
is to be uDcujked while its mouth is under water, 
the mouth is then to be brought under the hole 
in the shelf, and gradually raised until it is upright, 
or nearly so; in this rase the water in the trough 
will force its water into and fill the bottle, while 
the gas will rise out of it, and passing through thfi 
hole in the shelf, will displace the water in the 
receiver and occupy its place; now, us llie water 
sinks in the receiver in consequence of the gas 
occupying its place, it will always be seen how much 
gas has been admitted into the receiver, and when 
it is full, though the gas itsell' should be, as in most 
cases it is, invisible; a kind of flat funnel ebould be 
fined underneath the hole in llic shelf, otherwise, 
unless the nunith of the bottle is held very exactly 
under the hole, some of the gas will be liable to 
escape M'illioutpassiiigiiitotlie receiver jit is obvious 
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tfiat during these operations the water in the tr«ugh> 
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will rise ^d fall, and as it must never, for the 
reason before mentioned, be suffered to sink ^sq low 
as tlie shdf on which the receiver stands, it will 
be found ver;^ convenient tp have a spout at the other 
end of the trough, either with or without a co.ck,.s(s. 
represented, fi^. 6, this will keep thje watei froqi 
oiverflowing, and if a vessel of any kind is put under 
to- receive it,, it may be poured, in again wheo 
wanted. 

Fig.-4 represents a gas^ bottle, with a bent tube,, 
^j ground into its neck, tliis is exceedingly coor 
venieat on many< occasions, and is uj^ed thus — if it 
were required to fill a receiver with hydrogen gas, 
the beat tube,. 5, being taken out, the filings and 
water are poured into the bottle, the proper quantity 
of sulphuric acid it then added, and the tube being/ 
quickly put into the bottle, is made to pass undei^ 
the shelf, so that its mouth may be directly unden 
the Jiole, when the gas a& it is formed in the bottle 
will rise and pass through Uie tube into the receiver, . 
3; . this apparatusi is o^ceediugly convenient for 
jireparing carbonic acid gas, iu which of course 
marble or chalk must be used, , instead of iron or 
zinc filings;, when the receiver is full, it must.bf» 
removed by sliding it into a saucer held under the 
water, and taken out with the water in the saucerj,. 
which, by surrounding the bottom of the receiver^r 
will keep the gas from escaping; if a bottle is to, bo 
filled wiUi gas for the purpose of keeping, it musti 
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be filled witli and inverted under llie iva[er,"in' 
same manner as described for the receiver, and wln;n 
raised, held with ils aiouth over the hole in the shelf, 
and when full, corked under water. N.B, The 
gas bottle represented in the figure is tubulated, or 
furnished u itb a stopper, but this, though sometimes 
convenient, is by no means necessary, and at the 
same lime enhances the expense, especially as they 
are very liable to be broken, if great care is not 
taken in using them. 

In the lower compartment of the plale different 
apparatus are represented; fig. 1 is a glass Oask or 
matrass, as it is called, this is useful for any purpose 
where the heat of a patent lamp is to be applied, 
a common oil flask, which may be purchased at a 
very trifling expense, will be found to answer a!^ 
these purposes incomparably well, as they bear very 
well the sudden application of heat or cold : flg. 2 
represents a crucible or melting pot — those generally 
used are made of earthen ware or black lead, and 
will bear a most intense heat: fig. 3 represents a 
receiver with an open top, such as is used for the 
combustion of different substances in oxygen or o»j- 
muriatic acid gasj where a small expense is not ar> 
object, these have a stopper ground into the top, 
but a cork if well fitted will answer the purpose; 
these receivers have frequently a brass cap at the 
top, into which a stop-cock is made to screw, for 
the purpose of transferring the gas into a bladder, 
ag repi-eseated in the figure, where A is the bladder, 
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4 the Btop-cock, one end of which is , inserted into 
the neck of the bludder, und [lie ulher screwa into 
the brass cap; when the gaa is to b£ Ir-irisferred 
from the leceiver into the bladder, the atojp-eock 
being open all llie air is to be carefully sijueezed 
out of the bladder, and tlie cock then closed to pre- 
vent its re-entering, it )!< then to be screwed iiito-lhe 
top of the receiver while immersed under water, 
the receiver is then to be raised on lo the shelf, and 
filled as before directed; when full, the stop-cock 
ia to be opened, and the receiver gradually pressed 
down into the water, which rising into it will force 
the gas up into the bladder ; if the conleals of one 
receiver aie not sufficient for llie purpose, the stop 
cuck much now be closed as before, and the same 
process repeated, until there is a sufficient quantity 
of gas in the bladder, wlien, the stop-cock being 
closed, it may be taken off, aiid reserved for use. 
If a receiver of this kind, with stop-cock, be not at 
hand, the bladder may be 6]Ied by tying it, wet, on 
lo the tube of the gas botlle, or by putting the 
ingredients, from which the gas is to be made, into 
acummon vial, and either tying the bladder on lo 
the neck of the vial, or to a pipe inserted into a cork 
in the viat; the principal inconvenience attending 
these methods is that the acid frequently froths ap, 
and flowB over the vial, and of course corrodes and 
■polls the bladder, which is not liable lo happen 
when tiie receiver and stop-cock are used 
vlwD expense is not an object, neatness, not tv 
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ekgance of appearance, will naturallj be consulted^ 
and where it 19, tbe iugenioiis practitioner will easily 
diBCpTer ibat a lurge and complicated apparatus ia 
in very few instances absolutely necessary ; he may 
indeed console himself with a remark made^ in aa 
introductory lecture, by tbe learned and entertaining 
liecturer of tbe Royal Institutioui that ^* Many ex- 
periments of the first importance have been per- 
formed, and discoveries made by Chemists who had 
n(> laboratory^ and whose whole appatatus baa con- 
sisted of little more than a few apotheqartes' vials,. 
9ome tobacco pipes^ and a washing tub*!' 

LUTES. 

It has been mentioned^ that it is- frequently 
necessary to employ lutes, in order to render tlj^e 
joinings of chemical vessels airrtiglit; there are 
different kinds for different purposes; when no gi*es^t 
heat is required^ any soft kind of paper with conimoui 

m 

paste will answer the purpose; where there is no 
h^at, a cement of rosin and beeVwax, or rosin only, * 
will answer, as it w ill stand the corrosive ^cids ; but; 
when great heat is required, dry clay beat up with 
liquid oil is perhaps one of the best; for many pur- 
poses common glazier's putty w^Il answer verj^ well*. 
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OXYCKN. 


SULt^UR, 


Acidi, Nliroui 


Qubon 

ChiUCMl 


PHOSPHORUS. 


Carbonic 
PruBsic 


Zinc 


Poian 
Soda 


Sulphur 
Phosphorus 


Iron 




Waler 


Tin 
Aniimony 


Copper 


Filed oil 


Tin 






Lead 








Sulphur 


Bismuth 




Arsenic 
Niirogtn 


Antimony 


LIME. 


Nichel 


Arswl^ 




Cobalt 




Jidda, Oxalic 


Copper 
Bismuih 
Caloric 




Sulphuric 
Phosphoric 
Nknc 


< 


Mercury 


POTASS, SODA, 




Silver 
Gold 


& AMMONIA. 


Fluoric 


Plaiioa 
MurlBlic icid 


^cid., Sulphuric 

Mariiiic 
Photpboric 
Fluoric 
Oialic 


Sulphuroui 
Ni(rou> 




Carbonic 
Prusiic 
Sulphur 


CABBON. 


Oxygen 


Acetic 
NUrou. 


Water 
Fued oil 


Hydrogen 


Ciubonic 
Prujsio 

Oil 

Water 








NITROGEN. 


Sulphur 




Oxygtn 




MAGNESIA. 


SKlph^r 
Hydrogen 








Acids, Ckalic 




Phosphoric 


BARYTES. 

Acidt. Sulphuric 


Sut^ihuria 

Fluoric 

Nunc 




HYDROGEN. 


Oialic 


Muriatic 






Acetic 


O.ygen 




Sulphurous 


Sulphur 


Nildc 




Carbon 


Muriaiic 


Carbonic 


Phoi^phoru] 




PiUisic 


Nilrogcn 


Suli>hurous 


Sulphur 
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Acids^ Sulphuric 
Nitric 
Muriatic 
Oxalic 
Flporic 
Phosphoric 
Acetic 
.Sulphyrous 
Nitrous 
Carbonic 
Prussic 

• r 



SILEX. 

flaoiio acid 
Potasa 



SVtPHVRIC 

ACID, AND 

PRUSSIC. 

Barytes 

Strontites 

Potass . . 

Soda 

Lime 

Magnesia 

Ammoriia. 

Aluinine 



PHOSPHORIC 
ACID. 

Barytes 
Strontites 
Lime 
Potass 



Soda 

Ammonia 

Mag^sia 

Alumine 

Silex 



CARBONIC 
ACID, 

Barytes 

Strontites. 

Lime 

Potass 

So^ 

MiqPfiesia 

Ammonia. 



FLyORIC ACID. 

Lime 
Barytes ■ 
Strontltw . 
Magnesia 
Potass 
Soda 

Ammonia - 
Alumine - • 

Silex ' •• ' « i 
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NITRU: ACID. 

Barytes 

Potass 

Soda 

Strontites 

Lime 

Magnesia 

Ammonia^ 

Alumine 



! 

I 

i 
ACETIC Ai3IQ.i 

Barytes 

Potass 

Soda 

Strontites 

Lime 

Amimonla' 

Magnesia 

A lttmiue - 



MURIATIC 

acid; 

Barytes ' • 
Potass 
Soda ' 

Strontites .' 
Lime 

Ammonia 
Magnesia 
Alumine 



ALCOHOL^ 

Watsr 
Ether 
VolatUa odl 

Alkaline Sul- 
phurets 



FIXED OIL. 

*." .: ■'■ 
Lime 

Barytes 

Potass ' 

Soda 

Magnesia 

Alumine 



1 ' 
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A. 

Acid, Nitric, IIO. 
■■ Sulphuric^, 108. 
■■ Muriatic, il*2. 
— «* FlQferic» 116. 
.^.— PhosphoiiC) 118. 

■ Acetous, i;5. 
.r*<- Carbonic, 115. 
■.. Prussic, 117 • 

■ how foinied, 8. 

Acids, their properties, 105, 
106. 

.*.— - tests for, 108. 

Acctite of lead, 43. 
" of copper, 38. 

Air, atmospheric, its composi- 
tion, 83. 

— ^ fixed, or carbonic acid gas, 
87. 

— — ioflaramable, or hydrogen 

gas, 20, 97. 
Affinity, chemical, what, (H). 
. laws of, 70, 82. 

— > tables of, use- 



Ammonia, nitrate of, 03. 
Ammontaoal gas, 61. 
Amalgams, 32, 45. 
Analysis, what, 81. 
,. , of mineral waters, 

how performed, 78. 
Antimony, its properties, 47. 
I sulphuret of, ibid. 
■■ combustion of, 06. 

Arsenic, properties of, 48. 
Aarum Musivura, how made, 

40. 



B 



Balloon, air, loi. 

Barytes, its properties, 52. 

■ a test for sulphuric acid, 



ful, 81. 
Alkalies, how prepared, 6o. 

^ their prof>erties, 62. 

^— uses of, 63, 77* 
tests for, 62. 



- proved to be metallic 



oxyds, 3, 65< 
— • fixed, 61. 



Alkalie volatile, or ammonia, 

61. 

Alumine, its properties, S6. 

......^^^ sulphate of, ibid.. 

Analysis of water, how per- 
formed, 78. 

Ammonia, «i. 

.._— — ^ carbonate of, or tal 

volai'ie, 65. 

muriate ofy oi sal 



0. 



a metallic oxyd, 67. 



Bismuth, properties of, 46. 
^ — *— magistery of, a cos- 
metic, 46. 
Bleaching liquid, ll4. 
Blue, powder, what, 49. 
Bodies, simple, 2. 

■ compound, l. 
Brass, of what composed, 34* 
Brimstone, see sulphur. 
Burnt bodies, what, i33. 



Candles, how rekindled^ 84. 
Calomel, what, 3^2. 
Caloric, what, S. 
. contained in ice, 4. 

...- its important agency, 6«. 
•—...^ meuls best conductoA 



of, 4. 



ammoniac, ibid. 



expands bodies, 5, 76. 
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INDEX. 



mals, 88. 



tained, 80. 



Catoric the cause of fluidityy 6. 

— latent, 7, 

Ghameleon mineral, how pre- 
pared, 50, 

Carbon, what, 17. 

Carbonic acid gas, or fixed air, 
by whom discovered, 87. 

I ' its proper- 
ties, 88. 

■ &tal to ani- 

^— how ob- 

•— experiments 

— - bad ejects 
of, how prevented, 03. 

Carbonate of ammonia, 05. 

Carburetted hydrogen gas, S3. 

Chemical examination of bo- 
dies, 71. 

< » nomenclature, its 

utility, 12I. 

Charcoal, properties of, 17* 

I its use in correcting 

putridity, ibid. 

its identity with dia- 



with, 90. 



mond, 18. 
Coak, how made, 23. 
Cobalt, properties of, 48. 
Coal, gas produced from, 33. 
. Cannel, ibid. 
Colours, experiments on, 73. 
Combustion, what, 137, 130. 

■ I product of, 13 1 . 

■ ■ under water, 143. 
in oxygen gas, of 



iron wire, 134. 



of charcoal, 



135. 



ibid. 



ibid. 



of phosphorus^ 
— of sulphur. 



in oxy-muriatic acid 
gas, of Dutch gold, 90. 

of antimony, ibid. 



Combustibles, simple, z, 
■ compound, ibfd. 

Copper, properties of, 83. 
— — nitrate of, curious cx- 
perimcnt Wiib, 7S» 



Copper, sulphate of, 33. 
— used to colour pickles. 



35. 



- how detected in water. 



80. 
Copperas, or sulphate of iron, 

87. 
Corrosive substances from mild, 

7*. 



Davy, Mr. his discoveries, 05. 
Decomposition of bodies, how 

effected, 71. 
Derbyshire spar, or fluate of 

lime, 116. 
Diamond, pure carbon, 18. 

— burns in oxygen gas, 

138. 

Dutch leaf burnt in oxy-muri- 
atic acid gasj 90. 

Dying, mordants used in, 78.. 



Earths, properties of, 59. 
— proved to be metallic 

oxyds, 67. 
Eanhquakes, probable cause of, 

68. 
Edge-tools, how hardened, 89. 
£psom salts, or sulphite of 

magnesia, 109* 
Kthiops mineral, what, 83. 
Etching on glass, how per- 

farmed, 117* 
Exhilarating gas, 93. 
Expansion of bodies by caloric, 

5. 
' of water in freezing, 

103 



flxrd air, or carbonic acid gas. 

Fire damp in mined, what, 31. 
Fluoric acid, how prepared, 1 !• 
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Fhiorie tcid uied fcr etching <m Gunpowder not the most ia- 

■' ihn^nfJ-Tf ! • "• '^ ■ »i ■ flammablobody, isg. 

Fluate of lime, or Dcibyshire Green, Schcclc's, 48. 

tpVy 110. 



Fluids fipom solids, 78* 
f iFintditjricaiised by-c«loric, 0. 

Franklin, Dr. hit remarks on H 

•. I jaetals,4. ^ 

Freezing, expansion, of water Hartshorn, or liquid ammonia. 



m, 5. 
Fulminating powder, 124. 



61. 
Harrowgate waters, 23. 
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meicury, how made, Heat.joot in the fire, 3. 



with, 140)l^ 

silver, 141. 



Hooke, Dr, his theory of com- 
expenments busfion, 128. 



furnaces, principles of, 137 • 



Hydrogen, what, 20. 
'■ I. M its afKnity for oxy- 
gen, 135. '■' } 
mmm^ — ^ 3 componcnt part of 



water, 21. 



20, 97. 



gas, its properties, 
phosphoretted. 



100. 



i^from coal^ 22* 



Galvanic battery, how formed, 

40. 

Galls, solution of, precipitate 

iron, 79- * 
Gas, what, 10. 
II ammoniacal, 61. I 

— carbonic acid, 87. 

— hydrogen, 20, 97- James' powders, 47. 
oxygen, how prepared, lo. j^c lighter than water, 103. 



— — oxy-muriatic f^cid, 95. 
— ^ phosphoretted hydrogen, 

100. I 

i fluoric acid, 117. 

Gaseous o^yd of nitrogen, how 

prepared, OS. 

- its 
curious effects, ibid. - 

Gilding metals, how performed, 

32. 

Glass corroded b/ fluoric acid, 

117. 
Glauber's salt, or sulphate of 

soda, 109. 
Gold, its properties, 28. 

— etherial, 29. 

Grotto del Canne, curious ef- 
fects of, 88. 
Gunpowder, how nuule, 124. 



Ink^ how made, 80. 

— how discharged, 110, 114. 

.—.. bow restocedy ii4« 

■ I I permanent, SO. 

— i-«* sympathetic, 49, 80. 

carious ex- 



.Ui 



periment with, 4^* 
Iron, propeartics of, 36. 
— p— iu affinity for oxygen, 37. 
—u. hoiw^deteoted in water, 7 9 • 
— *-combu8tioQ in oxygen gas, 

134. ' . 

«*«•— sulphate of, or green vi- 

Vioi, 37. '• •' ■- ; . 

phosphate of, used m 
cancers, 39. 

oxyds of, form various 

colours, 37. 
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I# Muriate of aravionit, or sad 

latent heat, or caloric, 7. ■ of soda, lit., ^-.-i 

Lead, properties of, 41. . Muriati£vaciil,'lio«ifliadei 3J9. 

— white, how made, 42. tvim mi ' hpw detected in 

»— - red, ibidt ..^ oiratfir»w^9.>t »• ; , ..ai.*.* . 

-— — tree, how produced, 43. ■■ 1 gas, its proper* 

-----in wines,,how detected| ib. ties^ l ia» ^ 
' Xiivbisier, 'his theory of com- 
bustion, 129. vv. 

Lime,' )(s ^icbpertfes, 54. I^ 

--- phosj^hur^t oft 5**, . , 
--=6xylmuriatcor, for bleach- t^Kickel, properttea of,- 44i 



mg, 114 . . .^, 

Light, dfstiact from caloric, 7 
" >■■ - - chemical action 'of, 8 . 
Litmus paper, a test» 105* 



M 

MagP!P9^» Properties of, 55. 

.——.—— a metallic bxyd, 07 • 

— .-«— sulphate of, or Ep- 
som salts, 55. 

Magistery of bismuth, a cos- 
metic, 46. • 

Manganese, properties of, 50. 



Nitre the basis of gunpowder, 

&c. 1&4U- , '• i 
Nitric «cid,|Mn!r- formed, 110. 
I stains the skin, ill. 

Nitrogen, what, 23. 

'-^ gas, how obtained, 

24,87. ri 
— — — — its uses, 80. 

; ^aseqgs. Qxyd ,of, 93. 

* its ef- 



fects in breathing, ibid. 
NiWatie of cbp'per ini^ames tin 
foil, 7.'>. 

pf svlyer a test for rau.> 



riatic acid, 30. 



Qxyd of, yields oxy- ink, 80. 



a permanent 



gpn gaa, ibid* . 
Metals, their characteristics, 

-Q7-. - ... 
■ enumerated,. 25. 

combustible,. 1^4. • 
I 9BW$' their great affinity 
for oxygen, 6&* 

atoalgamsof, 32, 45. 



Metallic saitt,JOO». 11 1« 
Mefcury^ properties i>f, 31 • 



of barytes a test for sul- 
phurise acid, 7 ft. 
Nomenclature, chemical, its 
use, 121. 



Oil of vitriol, or sulphuric acid, 
"i08. • 



.-- at what beat solid, ib. Oil used in soft soap, .77. 
medical preparations —- phosphoric, 15. 

pxyds;^ what, q., 

of manganese, 50. 



of, 82. 

m t ' . ' u j ■> fiilminatihg, how 
made, ibid. 

» >■ » ' ' I colours prepared 
from, 33. I. , 

Mild substances, Jfrom corro- 
sive, 75. » > i ■ ' 



Oxy-muriatic acid gas used is 
bleachitig, 95. 

hus'tibles'biirn in, sponta'ne- 

llariates, their indestructible ^xy-muriate of potass, its cu* 



Mture^ 124» 



nous properties;^ 12&« 



INDEX* 159 

Oj(|rg^ t component part of Potassium the bmc of potass^ 

.water»a ..u.-.A; -^ ^u*»i>^ .« ij. . ..n 

of ajx» 88. u i n ^tii M- i^ms in carbonic 
^— the acidifying principle, .w^. .aoid^av^ftS^' .'»"' ~ - — 

».. .8.. ,..,. ^.. : n\ — on water, ibid. 

— -^— gas, how,py?paic4> 10. ^Fo^^der.l4ue,«what, 4»» 
.copi^bustion ot phos- Prussic acid, 1>IV. 

phorusin, l35h: u . . -'^fotsian.bluei^.wefc' 

cifon >£ire« i34. Putridity corrected by charcoal, 
T nulpinjr,, 135. 17. 



OpfT^y^^ 



— -TTTTT Qha^Co*Ui>. 



•7-7— -.t)\e supporter of com- 

Jbu8t;on«.p, 8^^.M. ..! n^ ^ 

— — — of animal life, « • i' .•'■»•! ' . ^'J-- ' ■«»^ t 

.0,84. ...,,...! »>'/ Quicksilver, or mercuiyj 81. 

its affinity for other - — r-r—r- preparations of, 32. 



bodies, 0. 



7 " ^ , 
Ouart3y.l49« 
Quicklime, 55. 



♦« ■. 



Paracelsus, 44. - - .... iifiitg^U' 

Permanent ink, experiment (Rp^gents, i^uft^ios. "i •. 
ivich, 80. - BiBspirationy its eftiects on air. 



Phosphorus, when discovered, 

14. -.• • 

I • ■ -^ its affinity for oxy- 
gen, ibid. ^ • . ^ 

experiments whh. 



&4. 



15, 10, 185, 143. 

I ■ how prepared, 15. 

match bottles, how 



made, ibid. 

■ liquid, 15. 

— — — combustion of, in 



oxygen gas, 135. 
Phosphoric acid, 118. 
Phosphoretted hydrogen jas, 

loa 
Phosphoret of lime, how made, 
, 16. ■ . 



Sal ammoniac^ 05. 

-7— volatile, or carbonate of 

ammonia, ibM« 
Salts, how formed, 120. • 
Scheele^s green, a preparation 

of arsenic, 48. 
Silex, its properties, 57. 
Silveir, .properties of, 20. 

■ nitrate of, a test for mu- 



riatic acid, 7Q. 



a permanent 



mk, 30. 

' Phosphate of lime, the basis of Simple bodies, enumeration of, 

bones, 53. 
I- Phlogiston, what, ifiQ. 

Plumbago a carburet of iron, 37* 

Plaster of Paris, or sulphate of 
lime, 109. 

Platina, properties of, 31. 

Potass, how prepared, OO. 

— — , oxy-muriate of, 125. 

■ m m I experiment with, 



120. 



Soda one of the fixed alkalies, 

61. 
— a metallic oxyd, 66. 
Sodium, a new metal, ibid. 
Solid substances from fluids, 78. 

• • from gases, 74. 

Soap, how. mad^ 77. 
Strontian, properties of, 04. 
— — — a metallic oxyd, 67. 
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Suhl» bis theoiy of combus* 

Sulpbur, flowers of, 13. 

rused ii^4>leachingy ib. 
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ibid. 



impresstons taken with, 

used in medicine, 13« 
SulphuretSy 18. - 
— — of iron, carious forma- 

tion;ef^ f6» ■ i 

Sulphuric acid, how made, 108. 
p^ how detected in 

water, 70. 

-its combinations, 109. 



Sulphurous acid, its properties, 

110^ 
Sulphate of alumine, 56, 
— r— — of soda, 109. 

■ — of lime, ibid. 
-- of magnesia, ibid. 

— — of iron, ibid. 

— — — of line, ibid. 

of^topnf, 33. 

Sulphuretted^^MDgen gas, 32. 
Steel, B carbuiet^iron, 38* 
Sympathetic inks, 49, 80. 
Synthetic proof, what, 81. 



T V 

Tallow, hard soap matUklfeilh, 

77. 
Tests, or re-agents, for acids, 

105. 

■ for alkalies, 63. 

for lead in wine, 43. 

Temperature of bodies, 4. 
Tin, properties*of, 30. 
.— - plates, whal, 41. 

■ oxyd of, or putty, 40. 
Tree, lead, how made, 43. 
Turmeric paper, a test Ibral- 



Verditcr, green, how made, 88* 
Verdigris, or acetite of copper^ 

ibid. 
Vermillion, how prepared, ib. 
Vitriol, green, o^ sulphate of 

iron, 109. • 

■ ' white, or sulphate of 

zmc, ibid. 
" ' ' blue, or suFphtte of 

copper, 33. 
Vinegar, or acetous acid, 115. 
Vital air, or oxygen g^, 10. 
Volatile alkalie, or hartshorn, 

61. 

Voltaic battery, how formed, 40* 

W 

Water, formation of, 97. 

— how decomposed, 97, 08. 

— —- naturally solid, ft. . 
..^•^ expands in freezing, 104« 

-— curious experiment on, ib. 
• ——singular property of, 103. 

—-mineral, how analyzed, 78. 

WelU, ihe sur of, often dan- 

. gerous, 89. 
^Wedgwood, Mr, his colours, 
how made, 38. 

Wine, how to detect lcwkku43. 

Writings, how discharttf^IlO^ 
114. ^, 

— ' revived, 114. 



Zinc, its properties, 45. 

— combustion of, ibid. 

— ■■■ amalgam of, ibid; 

■ flowers of, ibid. 

■ ■■ ■ sulphate of, or white 

vitriol, ibid. v 
used m galvanic batceries» 
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